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MBTALLOCENES AND CATALYSTS FOR OLEFtN-POLYMERfSATION ' 

FIELD OF THE INVENTION 

The present invention relates to a new class of metallocenes, to a catalyst for the 
• polymerization of olefins comprising said metallocenes and to a processes for the 
polymerization of olefins carried out in the presence of said catalyst The invention also 
relates to a novel class of ligands useful as intermediates in the synthesis of said 
metallocenes. 

PRIOR ART DISCLOSURE 

Many metallocene compounds known in the state of the art are active as catalyst components 
in olefin polymerization reactions, in association with suitable cocatalysts, such as 
alumoxanes or aluminum derivatives. For instance, European patent application EP 0 035 
^^^•V^tt^V^t^elt,^ and propylene m the presence of a 
, "^l* s ^ m . C0I °P risin S » ^ctopentadJenyl complex of a transition metal. 
European patent application EP 0 129 368 discloses a catalyst system for m7poly^tion 
of olefins comprising a bis«ydopentadienyI coordination complex with a transition metal, 
wherein the two cyclopentadienyl groups may be linked by a bridging group. Said bridging 
group is generally a divalent radical curtaining one or more carbon atoms (such as an 
ethylene group) or containing heteroatoms (such as a dimemylsuanediyl group). 
Bridged metallocene compounds wherein the cyclopentadienyl residue is condensed to one or 
more aromatic or non aromatic ring are known in the state of the art; for example, European 
patent application EP 0 604 908 discloses a class of catalysts useful in the. polymerization of 
olefins, in particular in me preparation of high molecular weight atactic polypropylene, 
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comprising a bis-fluorenyl confound bridged by means of a one atom bridge. 
• International application WO 95/27717, in the name of me same Applicant, discloses a class 

of bridged and unbridged metallocenes useful as catalytic components in the polymerization 
of ethylene and/or propylene, characterized by the feet that tb^.cyclopentadienyl ligands have 
two or four adjacent substituents forming one or two alkylenic cycles of 4-8 carbon atoms; ' 
examples of these metallocenes are . bis(l,2^clotetramemyleneinden-l-yl) 
titamumdicbJoride, dirnemylsilanemyl-bis(2,3-cyclotetramem^ 
. dichloride, dimethylsilar^yl4)is(2,3-octahydrofl TO ^ dichloride and 

isopropyliden-(cyclopentam^l)(i3-cydotetramemyleneM 

The international patent application WO 98/22486, in the name of the same. Applicant, 
describes bridged or unbridged metaUocenes comprising at least a coordinating group 
containing a six n electron central radical, directly coordinating a transition metal atom, to 
which are associated one or more radicals containing at least one non carbon atom selected 

fr ° m B * N ' ?.'. ™\3 P ! S> G , & :.^:3.. S t ^ Sn ' * Te - Said Eocenes are useful 
as catalyst components for the production of polyethylene and polypropylene. 
The international patent application WO 98/37106 describes a polymerization catalyst system 
comprising a catalytic complex formed by activating a transition metal compound which 
comprises a group 13, 15 or 16 heterocyclic fused cyclopentadienide Iigand and a metal 
selected from the group consisting of Group 3-9 and 10 metals; said heterocyclic fused 
cyclopentadienide iigand preferably contains, as endocyclic heteroatoms, one of more B,' N. 
P, 0 or S atoms. 

SUMMARY OF THE INVENTION 

The Applicant has now unexpectedly found new metallocene compounds useful as catalyst 
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components in the polymerization of olefins. It is an object of the present invention a class of. 

bridged or unbridged metallocenes of formula (I): 

. . . (ZR'J n (Cp)(A),ML^', © 

wherein (ZR 1 J, is a divalent group bridging Cp and A, Z being C, Si, Ge, N or P, and jhe 
R' groups, equal or different from each other, being H or linear or branched, saturated or 
unsaturated C.-C.o alkyl, cycloalkyl, aryl, alkylaryl or C-Q, arylalkyl ■ 
groups; 

Cp is a heterocyclic cyclopentadienyl group of formula (II) or (IT): 



R4, 




(ID 



wherein one of X.or Y is a single bond, the other being O. S, NR« or PR 6 , R* being 
hydrogen, a linear or branched, saturated or unsaturated C.-C* alkyl, Q-C^ cycloalkyl. C 4 - 
C» aryl. CVC* alkylaryl or CrC* arylalkyl groups, optionally .containing 
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atoms belonging to groups 13-16 of the Periodic Table of the Elements (new IUPAC 
notation), -such as B, Al, Si, Ge, N, P, 0 and S atoms; 

R* and R>, equal or different from each other, are selected from the group consisting of 
hydrogen, halogen, linear or branched,' saturated or unsaturated C,-C» alkyl, C,^ 
cycloalkyl, aryl, alkylaryl, C,^ arylalkyl, -OR* -OCOR 6 , -SR 4 , -NR 6 , and - 
PR 6 ,, wherein R 6 has the meaning reported above; or R'and R' form together a condensed 
CVC, ring, saturated, unsaturated or aromatic, optionally containing one or more atoms 
belonging to groups 13-16 of the Periodic Table of the Elements (new IUPAC notation). 
. such as B, Al, Si, Ge, N, P, 0 and S atoms; • 
the substituents R\ equal or different from each other/are selected from the group consisting 
of halogen, linear or branched, saturated or unsaturated. C.-C* alkyl, cycloalkyl, C 6 - 
C* aryl. C,-^ alkylaryl, arylalkyl, -OR 6 , -OCOR 6 , ^5R 6 , -NR 6 , and -PR 6 ,, wherein 
R 6 has the meaning reported above, optionally containing one or more atoms belonging to 
groups 13-16 of the Periodic Table of the Elements (new IUPAC notation), such as B. Al, 
Si, Ge, N, P, 0 and S atoms; ' ' ~ 

a is an integer ranging from 0 to 4; 

Cp can be a partially hydrogenated derivative of the heterocyclic cyclopentadienyl group of 
formula (H) or (IT) reported above; 

A is a substituted or unsubstituted cyclopentadienyl, a group -NR 4 , R 4 having the meaning 
reported above, or corresponds to (II) or (II'), or to a partially hydrogenated derivative of 
01) or (IT); 

M is a transition metal belonging to group 3. 4, 5. 6 or to the lanthanide or actmide -groups 
of the Periodic Table of the Elements (IUPAC version); 
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the substituents L, same or oiffamfrom each other, are monoaiuonic sigma Uganda 
selected from the group consisting of hydrogen, halogen, -R 6 , -OR* -OCOR 4 , -OSOjCF,, - 
SR S . -NR 4 2 and -PR< S , wherein the groups R 4 , same or different from each other, have the 
meaning reported above and optionally contain Si or Ge atoms; 

the substituents L\ same or different from each other, are coordinating molecules, such as " 
Lewis bases; 

m is 1 or 2. and more specifically it is 1 when Zis N or P, and it is 2 when Z is C, Si or 
Ge; 

n is an integer ranging from 0 to 4; r is 0 or 1; n is 0 when r is 0; 

p and q. are integers ranging from 0 to 3, p being equal to the valence of the metal M minus 

2 when r=l, and minus 1 when r=0, and p+q being & 3. 

The present invention further concerns a new class of bridged Uganda of formula (IV): 

(ZR'J^CpXA) (IV) 
wherein Cp, A, (ZR'J,. Z, *« andm have the meaning reported above and n is an integer 
ranging from 1 to 4, particularly useful as intermediates in the""prep"aration of'the" above 
metallocenes. 

Another object of the present invention is a catalyst for the polymerization of olefins 
comprising said metallocenes and their use in the polymerization of olefins, particularly, in 
the production of homo and copolymers of ethylene. 
DETAILED DESCRIPTION OF THE INVENTION 

In the metallocenes of formula (I). particularly suitable as catalytic, components in the 
polymerization of olefins, the divalent bridge (ZR'J„ is preferably selected from the- group 
consisting of CR' l( SiR',, GeR' 2 , NR 1 , PR 1 , and (CR'J,, R> having the meaning reported 
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above. More preferably, said divalent bridge is SKCH^, SiPh,, CH„ (CH,), or CfCH^; 
even more preferably, it is SiCCH^ or CHj. 

m is 1 or 2; n ranges from 0 to.4ana\ when n > 1, the atoms Z can be the same or 
different from each-other, such as in the divalent bridges- -CHrSiCCH^-, -CH 2 -0- and -CH r 

According to a preferred subclass of metaUocenes' of the present invention, in the 
heterocyclic .cyclopentadienyl of fonnuia (II) or (IT), R 2 and R 3 form together a condensed 
benzene ring, Cp corresponding to formula (HI): 



wherein the substituents R J , equal or different from each other, are selected from the group 
consisting of halogen, linear or branched, saturated or unsaturated C.-C,, alkyl, QAo 
cycloalkyl, Q-C* aryl. C,-C^ alkylaryl. C,-^ arylalkyl, -OR', -OCOR 4 , -SR 6 , -NR 6 2 and - 
PR*!, wherein R« has the meaning reported above; a is an integer ranging from 0 to 4; b is 
an integer ranging from 0 to 4; the other variables have the meaning reported above. 
Cp is preferably 5,10^ydroindeno[l,2-bjindol-10- y l, N-memyl-5,lCMihydn)mdeno [1,2- 
b)indol-10-yl or N-phenyl-5,l(>^ydromdeno[l,2-b]indol-10-yl, corresponding to formula 
(ED wherein X is NR S , R 6 being hydrogen, methyl and phenyl respectively, and Y is single 
bond. 

Furthermore, ' Cp can be 5,6^dihydroindeno[2.1-b]indol^-yl,.... N-methyl-5,6- 
dihydromdeno[2,l-b]indol-6-yl, N-aUyl-i.^mydroinctenoB.l-Windol-e-yJ or N-phenyI-5,6- 



.WO 99/24446 



PCT/EP98/D7034 



dihydroindeno [2, l-b]indol-6-yl, corresponding to formula OH), wherein X is a single bond 
and Y is NR 6 , R 6 being hydrogen, methyl, aliyl and phenyl respectively. 
The group A is preferably a cyclopentadienyl residue substituted with' at least a substituent 
selected from the group consisting of H, linear or branched, saturated or unsaturated C,-C l0 
alkyl, cycloalkyl, Q-C* aryl, alkylaryl and C,-^ arylalkyl radicals. More 

preferably. A is cyclopentadienyl, ^tyl^yclopentadienyl, 4-adamantyI^clopentadieiiyl, 

indenyl, tetrahydroindenyl or fluorenyi. According to a preferred embodiment of the 

invention, A is equal to Gp. 

r can be 0 or 1; when r = 0, then n = 0. 

M is preferably Ti, Zr or Hf, and more preferably Zr. 

The mfrttocm L are preferably halogen atoms or R 6 groups, R« being defined as reported 
above; more preferably the substituents L are CI or CH 3 . ' 

p and q are integers ranging from 0 to 3 , p being equal to the valence of. the metal M minus 
2whenr=l, and minus 1 when r=0, and p-hq being £3; 
. An advantageous class of the metallocenes according to the present invention correspond to 
formula CD, wherein n = 0 and r = 1, i.e. Cp and A groups are not linked to each other by 
a bridging divalent residue. Non limitative examples of said class are: 
bis(N-rnemyl-5a0^aydroindenofl ,2-b]indol-10-yl)titanium dichloride; 
bis(N-mefoyl-5aO^ 
bis(N-memyl-5 , lO^ydro^ 

bis(N-phenyI-5,10^ydreiiKieno[l,2-b]indoI^ dichloride; 
bis(N-phenyl~5,10^foydro^^ dichloride; 
bis(N-phenyl-5 JO<imydromdeno[l,2-b]i2^ dichloride; 
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. °is(N-methyl-5,6^ydroii^^ 

Ms(^methyl-5,o^ydrotodeno^ dichloride; 
bis(N-n^l-5,6^droii^^ 
Wl>^l-5,6^ydrom^ 
Ms(N-phenyI-5,6^ydroinde^ 

bisO^-pbrayl-5,6<%droi n dem>[2 I l-b]indoI^yI)haMTO<iicb^ 
bis(N-n^l-l,8^ydroinde^^ . 

■ dichloride;. 
<N-mfi%l-5.10^^ 

(V^HA<y<®ytou&M l lt. h y^. l0 . y Q (ooahydrofluoreny]) zirconium dichloride; 
(N-tnethyl-SJCMihydrctoCl.a-b]^ . 

dichloride; 

(N-methyMJO^yd^^ 
dichloride; 

(N-methyl-SjO^ydromde^ ziiconimn dichloride; 

(N-methyl-5 > 6^ydroindeno[2,l-b]mdol^yl) (octahydrofluorenyljrircomum dichloride; 
C^o^^Bvdm^ dich]ori£je; 

(N-methyl^.S^ydroindenopa-bjpyTOkS-yO^uorenyO zirconium dichloride; 
(N.phenyl-5 > 6^ydh,i n deno[2,l-b]indo^yl)(flao ren yl) zirconium dichloride; 
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dichloride; 

(N^henyl-S^fcydroinfe^^^ ziiconimn dichloride; 

and the corresponding titanium, zirconium or hafnium dimethyl derivatives. 

Another advantageous class of meallocenes according to the present invention corresponds 

to formula (I) wherein n is different from 0. r is equal to 1 and the groups Cp and A, 
preferably the same, corresponds to cyclopentadienyl heterocyclic derivatives of formula (II) 
or 01'); preferably,- the divalent group (ZR' J„ is SiPh,. CH,. (CH^ or C(CH^; 

even more preferably, it is Si(CHj)j or CH 2 . 
Non limitati ve examples of said metallocenes are: 

dimethylsilaned^^ dianhm 
diinemyIsilaiiediyl.bis(N-me% 

(iimemylsilan^yl-bis^-m^yM,l^ hafnium dichloride; 

ettylen-bis(N-methyl-5,i^ 

isc. P ropyHden-bis(N.memyl-5,10^ydrbmdeno[1.2-b]^ zirconium dichloride; 
dunemyManediyl-bis(N-^^^ 

ethylen-bis(N-phenyl-5, 10-dihydroindeno[l,2-bjindol-10-yl) zirconium dichloride; 
isopropyUfen-bis(N-phentf dichloride; ' 

dtaemykuanediyl-bisCN^ dichloride; 
dimemykilanediyl-bis^-memyl-S.eKlmydro^ dichloride; 
Omemylsilanemyl^^ dichloride; 
dimemybuanediyw^^ 

9 
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methyto-bis(N-methyl-5,<^^ dichioride; 

e%len-bis(N-me%l-5,6^ydroindeno[2, l-b]indoI-6-yl)zirconium dichioride; 
isopr^ylidea-b^ 

«H^WtawJ*y^ dichloride; 

me%len*i S (N-i^l.5,6^ydroiiida» dichioride; 

«fcton*i«<Hl>he^ dichioride; 

^Pyli<to-bis(Ni^ 

dimethybilanediyl-(N-methyl-5J(Mihydroin^ 

yl)(cyclopentadienyl)zircomtim dichioride; 

zirconium dichioride; 
dichioride; 

ethylen(N-phenyI.5, IMflydn^^ 
dichioride; 

dichioride; 
zirconium dichioride; 

and the corresponding zircomum. dimethyl derivatives. *' 
A particularly preferred metallocene is artyta^^ 

10 . 
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b]indol-6-yl)zireohiuni dichloride or dimethyl. 

Another object of the present invention is a class of ligands of formula (IV): 

(ZRU(Cp)(A) (IV) 
wherein the variables Cp. A, (ZR' J, 2, R 1 and m have the meanings reported above and n 
is an integer ranging from 1 to 4. Said ligands are. useful as mtermediates in the preparation 
of the metallocenes according to the present invention. 

In the above bridged ligands, the divalent bridge (ZR'j. * preferably selected from the 
group consisting of Si(CH 3 )„ SiPh,, CH,, and C(CH^. 

Cp is a heterocyclic cyclopentadienyl group of formula (II) or (II'). reported above, and 
preferably corresponds to formula cm,, reported above; even more preferably, Cp is selected 
from the group consisting of N-memyl-S.lOsiihydromdenotl.a-bJmdolyl, N-phenyl-5,10- 
dihydioiiKlenofl^bJindolyl. . N-aIlyl-5,lC>^yd™indenotl,2-b]indoIyI, N-methyl-5,6- " 
dihydxoindenop.l-bjindolyl, N-phenyl-5,Wihydroindeno[2,l-b]mdolyl, N-alIyI-5,6- 
dmyoreindenop.l^i^olyl and N-n^^ 

The group A can be a cyclopentadienyl derivative or a group of formula (H) or (II'), and 

preferably of formula (IE); even more preferably, A is equal to Cp. 

Non limitative examples of the bridged ligands according to the present invention are: 

10-[l,l^emyl-H5,10<i%dmii^^ 

bjindole; 

lO-KS.lO^oroindenotl,^ 
U-P-tf.lO^ydrotadcr^ 

I0-[l-memyl-l-(5,10<iihydroindeno[l ) 2-b]indol40-yl^^^ 
b]indole; 
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dihydroindenofl ,2-b]indoie; 
10-[(N-methy^ 
dihydroindeno[l ,2-bJindole; 
l°-C^-roethyI-540^ydroi^ 
dihydroindeno[I,2-b]indole; 

dihydroindeno[l,2-b]indole; 

^U^ethyi-W-phenyl-S^O^^ 

dihydroindeno[l,2-b]indole; 

10-[<N-ptayl-5JW%drom^^ 

dih.ydroindeno[l,2-b]indole; 

^■^henyl-SJO^dro^^ . ' 

dihydroindeno[l,2-b]in(iole; 

^-^hyl-l^henyl-SaO^^ 

dihydroindeno[l ,2-bJindole; 

^•^thyl-HS.e^ydroiiufciK^ 

e-P^^ydroiDdenotU*^^ 

^UKtaetyM^-methyl-S.^ydro^ 

dihydrorndeno[l,2-b].indole; 
S-tU^thyM^-methyl-U^yfo^^ 

12 
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dihydroindeno[l ,2-b]pyrrole; 

6-[(N-methyI-5,6^^ 

bjindole; 

bjpyrrole; 

6-[2-(N-methyl-5 t 6K^ 
bjindole; 

6~[l-methyl-l^«met^ . . 

dihydroindeno[2, l-b]indole; 
>{U-<iimethyM 
dihydroindeno[2,l-bjindole; 
^(N-phenyl-S,^ 
bjindole; 

bjindole; 

6-[l-methyM-(Ni>^ 

dihydrbindeno[2, l-b]indole; 

U-tU^thyl-Hcyclope 

ICKteyc^ 

10-[2-(cyclopeiit^ 

10-[2-(cyclopeniadieny^^^ 

10-[I-methyM^^^ 

10 -U-methyl-H3-1>uty^^ 

13 * " : .; 
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JO-tl-inemyl-l^-adarruu^^ [u _ 
b]indole; 

10-[l,l«iimetbyl-Hfhi<^^ • 
10-[(fluorOTyl)meti^^ 

10-[2^fluoi^l)ethyl]N-niethyl.5a0^ydroindeno[l,2-b]indole; 
10-[l-rnetoyM<fluon^ 

6-Ua^emyl-l-(cyclopentMer^ 
6<(cycIopentadierryl)^ 

^l.l^hnemyl-l-Cfmo^^ P.l-bjindole; ' 

<HU^trryl-H2J^i-t-^^ 

6- [l-methyl-Hfluorenyl)ethyl]N-methyl-5,Wihydroind^ [2,1-bJindole. 

A particularly preferred bridged ligand is e-^niethyl-S.^ydromdenop.l-bJindol-S- 

yl)methyl>N-methyi-5,6^ydroindeno[2,l-b]iiidoie. 

The ligands offhe invention can be l^^^^jojMjvoc^J^vm in the 
.state of the art, starting from commercially obtainable products or from derivatives which 
can be prepared by known methods.' More specifically, when the group A is equal to the 
group Cp, the above ligands can be prepared by first reacting a compound of formula (V) or 
(V'):. 
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R4 a 




R2 



R3 



(V) 



R 2 



ft. 




■Y 



(V) 



wherein X, Y, *. R 3 , R< and a have the meanings report above, with a compound able to 
fonn a delocalized anion on the cyclopentadieriyl ring, and thereafter with a compound of 
formula (ZR'J.W,, wherein z , R , mandnaredefl]edas ^ ^ ^ ^ 

. same or different from each other, are halogen atoms or tosylate groups. Non limitative 
examples of compounds of fonrmla (ZR'J.W, are dimethyldichloro^, 
diplreryldicUomsi^ 2,2^chk,ropropane and U-dibromo- 

ethane. 

The synttesis^iie above M&U^ of 
an organic h'thium compound in an apolar solvent to a solution of the compound (V) or (V') 
in an aprotic polar solvent. The thus obtained solution containing the compound (V) or (V*) 
in the anionic form is then added to a solution of the compound of formula (ZRJ„ Vj in an 
aprotic polar solvent The bridged ligand can be finally separated by general procedures 
known in the state of the art 

Not limitative examples of aprotic polar solvents which can be used in the above process are 
tetrahydrofurane; dJmethoxyethane, diethylether, ' toluene and dicUoromethane.. Not 
limitative examples of apolar solvents suitable for the above process are pentane, hexane and 
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benzene. 

During the whole process, the temperature is preferably kept between -ISO'C and 80'C, and 
more preferably between -20°C and 40°C. ^ 

The preparation of the bridged Iigands of fonnula (IV), when the group A is different from 
the group Cp, can be carried out by reacting an.anionic salt of a compound of fonnula (V) or 
• (V') with a substituted A group. 

the metaUocerie compounds of formula (I), when n is different from 0 and r is 1, can be 
prepared by first reacting the bridged Iigands (ZR'j„(Cp)(A),prepared as described above, 
with a compound able to form, a delocalized anion on the cyclopentadienyl rings, and 
thereafter with a compound of formula ML„, wherein M and the substituents L are defined as 
above; Non limitative examples of compounds of fonnula ML, are titanium tetrachloride, 
zirconium tetrachloride and hufnhirn tetrachloride. 

More specifically, said bridged Iigands are dissolved in an aprotic polar solvent and to the 
obtained solution is added a solution of an organic lithium compound in an apolar solvent 
The thus obtained anionic form is separated, dissolved in an aprotic polar solvent and there- 
after added to a suspension of the compound ML, in an aprotic polar solvent At the end of 
the reaction, the solid product obtained is separated from the reaction mixture by techniques 
commonly used in the state of the art. Not limitative examples of aprotic polar solvents 
suitable for the above reported processes are tetrahydrofurane, dimethoxyethane, 
diethylether, toluene and dichloromethane. Not limitative examples of apolar solvents 
suitable for the above process are pentane, hexane and' benzene. 

During the whole process, the temperature is preferably kept between -180°C and 80° C, and 
more preferably between -20°C and 40°C. 
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TT* metalbcene compounds of fonnnla ^ w*^ n = 0 and r - 1, can be prepay by 
reacting the anions of the tfgands Cp and A with a tetmhalide of the metal M (i.e. MLJ, M 
and L having the meanings reported above, said reaction being carried out in a suitable 
solvent, 

Metallocene compounds of fbnnula (I) accoMing to the present invention, wherein Cp and A 
are ^l^« ta ^^ v i^ rfh(j ^ 
metallocene compounds in which Cp and optionally A corresponds to formula (II) or (IT). 
Ito hydrogenadon reaction is carried out in a suitable solvent such as CH A . fa «he 
presence of a suitable hydrogenation catalyst such as Pt0 1( and hydrogen. Hydrogen pressure 
is preferably comprised between 1 and 100 bar. and the ten^erature is preferably conpnsed 
between -50 and 50 °C 

Wb^atleastoneLsubstitnem^ 

halogen, it is necessary to substitute at least one substraienl L in the obtained metallocene 
with at least^nother ^^^^JXo_ SSD . Such a substimtion reaction is 
carried out by methods known in the state of the art.. F^^n "the's^timexu, L 
are alkyl groups, the metallocenes can be reacted with attylmagnesium halides ( Grignard ■ 
" reagents) or with lithiumalkyl compounds. 

A further object of the present invention is a cattdyst for the polymerization of olefins 
comprising the reaction product between; 

(1) a metallocene compound of formula (I), optionally as a reaction product with an organo- 
aluminum compound of formula AlRVor ^ m winch me substituents R'. same or 
different from each other, have the meaning of R" or are halogen, and; 

(2) an alumoxane, optionally in admixture with an organo-aluminum compound of formula 
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AIR', or W . the substta^ R 7 having the n**^ reponed above, or one or more 

compounds capable of forming an aftyl metaliocene cation. 
Fne alumoxane used as component (2) can be obtained by reacdng water with the organo- 
ahmm^con^undofforn^AlR^orAI^ 

halogen. In this case, the molar ratios of Al/water in the action is comprised between 1 : 1 
and 100:1, 

The molar ratio between aluminum and the meal of the metallocene is comprised between 
about 10:1 and about 5000:1, and preferably between about 100:1 and about 4000:1. ' 

• The alumoxane used in the catalyst according to the invention is believed to be a linear, 

• branched or cycifc compound, containing at least one group of the type: 

wherein the substhuents *. same or different from each other, have the meaning of * or 
are a group -O-AICR 8 ^. • 

Examples of alumoxanes . suitable for. the use according to ^^ nm 

metbylalumoxane (MAO), isobutylalumoxane CITBAO) a* tris^.^trhne.hyl-pc.tyl)- 
aluminoxane (TCOAO). 

Matures of different alumoxanes are suitable as well. Not limitative . examples of 
aluminum compounds of fonnula AIR 7 , or A1 2 R 7 6 are: 

M(Me)„ Al(Et)„ ABO*. Al(«Bu) 3 . AM (i Bu) 2 . Al(jHex)j, W ^ 
AKCb.CM^), Al(CH ; SiMej)j, Al^iBu, AlfMe^Et, AlMe^. AlMeCBu),. 
AKMe^iBu, Al(Me)jCl, Al^Cl, AlBtO,, W wherem Me=methyl. Et=ethyl, 
iBu=isobutyl, iHex=isohexyl. 
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Among the above ^oned afcni^ ^-(2,4.4-^^^ 
Not limitative e^es of compounds „ ^ ^ ^ ^ 

in*versib,y with a substituent of the expound of fonnula a) ^ . , ^ ^ 
which doe, not coonih.te. wiich , abJe „ ^ ^ ^ ^ ^ ^ 
originates tan to ^ of fc ^ conjpounds ^ ^ . som ^ ^ ^ ^ ^ 

to be from an olennic substrate. Prefembiy, ^ ^ R . ^ ^ ^ ^ 

boron atoms. More prtsferably , te ^ R . . „ ^ rf ^ ^ ^ 
**sdtuents Ar. same or different ^ Mch ^ „• ^ ^ ^ ^ 

pentam^heny,, bis^uoromemvi^envi. PardoUariy preferred is the tetrad 
pentafluorophenyl-bo^. Punhennom. Qf ^ ^ ^ ^ ^ ^ • 

^^--.l^i^^,.^^^^ bydeposi£ingthe 
metaliooene component (1), or the reaction pmdnct of the metaiiocene component,!) with 
component (2), or the c^ni ^ ^^^^^^^ 
«t support, such as silica, aiumina, stvrenc-divinyibenzene copolymers or polyene 

^ S0Ud S ° * with further addidon of the al^I aiu™ ' 

compound as such or prereacted witn water , ^ ^ . ^ ^ 

polymerization. 

catalysts of the ptesent mvendon can be advantageously used in homo or 

Polymerization of o.efins, coding ^ ^ rf ^ ^ ^ ^ 

monomer in the presence of the above described catalyst. 
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When is used a metallocene compound of formula (I), wherein n=l and the group A is a 
non-substituted cyclopentadienyl group, the obtained a-olefin homopolymers ' have a 
predominantly syndiotactic structure. Alternatively, when is used a metallocene of formula 
(I), wherein n=l and the. group A is a substituted cyclopentadienyl group, the obtained a- 
olefin homopolymers have an isotactic structure. 

The catalysts of the present invention can be used in the homo-polymerization reaction of 
olefins, preferably of ethylene, for the preparation of HDPE, or of cc-olefins, such as 
propylene and 1-butene. In ethylene polymerization, the metaliocenes of the invention show 
excellent activities even when used in very low Zr/Al ratios. 

Another interesting use of the catalysts according to the present invention is in the 

^polymerization of ethylene with higher olefins. In particular, the catalysts of the invention 

can be used for the preparation of LLDPE. The LLDPE copolymers which are- obtained 

have a density higher than 0.9 g/ml and very low xylene soluble percentages. 

Suitable olefins to be used as comonomers comprise a-olefins of the formula CH 2 =CHR, 

wherein R is an alkyl radical having from 1 to 10 carbon atoms, and cycloolefins. Examples 

of these olefins are propylene, 1-butene, 1-pentene, 4-methyM-pentene, 1-hexene, l-octene t 

1-decene, 1-dodecene, 1-tetradecene, 1-esadecene, 1-octadecene, 1-eicosene, 

allylcyciohexene, cyciopenlene, cyclohexene, norbornene and 4,6-dimemyI-l-heptene. 

The copolymers may also contain small proportions of units deriving from polyenes, in 

particular from straight or cyclic, conjugated or non conjugated dienes, such as 1,4- 

hexadiene, isoprene, 1,3-butadiene, 1,5-hexadiene and 1,6-heptadiene. 

The units deriving from a-olefins of formula CH 2 =CHR, from cycloolefins and/or from 

polyenes are present in the copolymers preferably in amounts ranging from 1 % to 20 % by 
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mole. 

The catalyst of the invention can also be used for the preparation of eiastomeric copolymers 
of ethylene with a-olefuis of formula CH 2 =CHR," R having the meaning reported above, 
optionally containing small quantities of units deriving from polyenes. 
The saturated eiastomeric copolymers can contain ethylene units and a -olefins and/or non 
conjugated diolefins able to cylopolymerize. The unsaturated eiastomeric copolymers can 
contain, together with the units deriving from the polymerization of ethylene and cc-olefins, 
also small proportions of unsaturated units deriving from the copolymerization of one or 
more polyenes. The content of unsaturated units is preferably comprised between 0.1 and 
5%. by weight. 

Non limitative examples of suitable cc-olefins comprise propylene, 1-butene and 4-methyl-l- 

pentene. Suitable non conjugated diolefins able to cyclopolymerize comprise 1,5-hexadiene, 

1,6-heptadiene and 2-methyl-l,5-hexadiene. 

Non limitative examples of suitable polyenes are: 

(i) polyenes able to give unsaturated units, such as: 

- linear, non-conjugated dienes, such as 1,4-hexadiene trans, 1,4-hexadiene cis, 6-methyi- 
1,5-heptadiene, 3,7-dimethyl-l,6-octadiene and ll-memyl-l.lO-dodecadiene; 

monocyclic diolefins, such as tis-l,5-cyclooctadiene and 5-methyl-l,5-cyclboctadiene; 

- bicyclic diolefins, such as 4,5,8,9-tetrahydroindene and 6 and 7-methyl-4,5,8,9- 
tetrahydroindene; 

~ alkenyl or alkyliden norbomenes, such as 5-etnyliden-2-norbornene, 5-i$opropyliden-2- 
norbomene and exo-5-isopropenyl-2-norbornene; 

- polycyclic diolefins, such. as dicyclopentadiene, tricyclo-^.^.l.O^^^-undecadiene and 
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cited EP 0 604 908, the hydrogen has no effect on the molecular weight of the obtained 
polymers, even if used in relevant amounts. 

The molecular weight distribution can be varied by using mixtures of different metailocenes 
or. by carrying out the polymerization in various steps differing in the polymerization 
temperature and/or in the concentration of the molecular weight regulators, 
The polymerization yield depends on the purity of metailocenes in the catalyst; the 
metallocene according to the present invention may be used as such or may be previously 
subjected to purification treatments. 

Particularly interesting results are obtained when the components of the catalyst are 
contacted among them before the polymerization, the contact time is generally comprised 
between 1 and 60 minutes, preferably between 5 and 20 minutes.' The pre-contact 
concentrations for the metallocene component (1) are comprised between 10' 2 and 10** mol/1, 
whereas for the component (2) they are comprised between 10 and 10" 3 mol/1. The precontact 
is generally carried out in the presence of a hydrocarbon solvent and, optionally, of small 
amounts of monomer. 

The following examples are reported for illustrative and not limitative purposes. 
GENERAL PROCEDURES AND CHARACTERIZATIONS 

All operations were performed under nitrogen by using conventional Schlenk-line • 
techniques. Solvents were distilled from blue Na-benzophenone ketyl (Et^O), CaH 2 (CHjCy 
or AlzBu 3 (hydrocarbons)^ and stored under nitrogen. BuLi (Aldrich) was used as received. 
The 'H-NMR analyses of metailocenes and ligands were carried out on an AC200 Brukcr 
spectrometer (CD 2 C1 2 , referenced against the middle peak of the triplet of the residual 
CHDC1 2 at 5.35 ppm). All NMR solvents were dried over ? 2 0 5 and distilled. before use. 
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Preparation of the samples was carried out under nitrogen using standard inert atmosphere 
techniques. 

The 'H-NMR and IS C-NMR analyses of polymers were carried out on a Bruker 400' MHz 
instrument The samples were analyzed as solutions in tetrac^orodideuteroemane at 130 °C, 
The intrinsic viscosity [r\] (dl/g) was measured in tetralin at 135 °C. 
The melting point Tm ( a C) and AH (J/g) of the polymers were measured by Differential 
Scanning Calorimetry (DSC) on a DSC-7 apparatus of Perkin Elmer Co. Ltd., according to 
the following procedure; about 10 mg of sample obtained from the polymerization were 
heated to 180°C with a scanning speed equal to 20°C/minute; the sample was kept at 180°C 
for 5 minutes, and thereafter was cooled with a scanning speed equal to 20°CVminute. A 
second scanning was then carried out according to the same modalities as the first one. The 
reported values are the ones obtained in me second scanning. 

The density (g/mlj was aetennined by immersion of a sample of extruded copolymer in a 
column with a density gradient according to the ASTM D-1505 method. 
In the copolymers according to the present invention, the product of the reactivity ratios r,T 2 , 
wherein r, is the reactivity ratio of propylene and r 2 that of ethylene, was calculated 
according to the following formula: 

r t xr a - 1 +fx(c+ l)-(f + l)x(c+ l) m 
wherein f is the ratio between moles of ethylene units and moles of propyienic units in the 
copolymer, and c is (PPP+PPE)/EPE. 

The amount of comonomers (%wt) in the copolymer was determined by IR techniques. 

The solubility in xylene, at 25 °C was determined according to the following modalities r about 

2.5 g of polymer and 250 ml of xylene were placed in a round-bottomed flask provided with 
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cooler and reflux condenser, kept under nitrogen. The thus obtained mixture was heated to 
135 P C and was kept under stirring for about 60 minutes. The mixture was allowed to cool to 
25 °C, under continuous stirring; then, it was filtered off and after evaporation of the solvent 
from the filtrate until the obtainment of a constant weight, the weight of the soluble portion 
was calculated. 

PREPARATION OF COMPOUNDS OF FORMULA (V) or (V') 
Example 1 

Synthesis of 5.10^ydroindenori,2-blindole of formula (V), wherein X= N-H, Y is a 
single bond, R 2 and R 3 form a condensed benzene ring and a=Q 

The N-H indenoindole was prepared as described by H. Armit and R.Robinson (/. Chem. 
Soc. t 121:835), according to the following reaction scheme: 




Example 2 

Synthesis of N-metol"540-dibydroirdenori,2-blindole of formula (V), wherein X= N-Me, 

Y is a single bond, R 2 and R 3 form a condensed benzene ring and a~0 

In a 0.5 i bulb were placed 100 ml 50% aqueous NaOH, 100 ml benzene, 6.1 g (28 rnmol)of 

5,10-d^ydromdeno[l,2-b]indole, prepared in the Example 1, 1.8 ml (28 mmol) of Mel and 

o.5 g of trimemylcetylammomum bromide. After having stirred the obtained mixture for 2 

hours, the formation of an organic phase was observed; said phase was separated, washed 

twice with water (100 ml) and dried over Na 2 S0 4 . After removal of the solvent, the residue 
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was reciystallized from ethanol, obtaining 5.3 g of N-methyl-5 , 1 0-dmydroindeno[l ,2- 
'. b]indoie(yield = 84%). 
l H-NMR (CDdj): 7.65-7.10 (m, 8H), 4.03 (», 3H), 3.68 (s, 2H): 
Example 3 

Synthesis of N-pheny1-540»dihydroindenofl t 2-b1iDdole of formula (V), wherein X= N-Ph, 

Y is a single bond, R 2 and R* form a condensed benzene ring and a=0 

N-Ph indenoindole was synthesized according to the fbDowing reaction scheme: 




In a 0.25 1 bulb were placed 13 g (70 mmol) of N,N^iphenyUrydrazine, 9.2 g (70 rnmol) of 
1-indanone and the solution obtained by mixing 5 ml 96% H 2 S0 4 in 80 ml ethanol. The thus 
obtained, .mjtoe. was..hea^ ppuredmto. a .solution of 

7.5 g NaOH in 200 ml water. 

The thus obtained hydrazide was extracted with CH 2 Cl 2 (150 ml); the organic phase was 
separated, dried over NajSO* and the solvent was evaporated. The solid residue was 
recrystaliized from heptane, obtaining 11.3 g of N-pheny 1-5 ,10-dmydroindeno[l,2-b] indole 
(yield = 60%). 

'H-NMR (CDC1 3 ): 7.75-7.05 (m, 13H), 3.82 (s, 2H). 
Example 4 

Synthesis of 5,6-dihydroinderio[2,l-b1indole of formula (V), wherein X is a single bond, Y= 

N-H, R 2 and R 3 form a condensed benzene ring and a=0 
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The N-H indenoindole was prepared as described by H. Armit and R.Robinson (/. Chem. 
Soc.\ 121:838), according to the following reaction scheme; 



n£ H2 

6 * ©>>-oe> /h - 




Examples 

Synthesis of N-methvl>5,6-dihydroindenor2,l-b1indble of formula (V), wherein X is a single 
bond, Y= N-Me. R 2 and R 3 form a condensed benzene ring and a«0 
In a 0.5 1 bulb were placed 100 ml 50% aqueous NaOH, 100 ml benzene, 6.1 g (28 mmoi)of 
5 t 6-dihydroindenot2 t l-b]indole t prepared in Example 4, 1.8 ml (28 mmol) of Mel and 0.5 g 
of trimethylcerylammonium bromide. After having stirred the obtained mixture for 2 hours, 
the formation of an organic phase was observed; said phase was separated, washed twice 
with water (100 ml) and dried oyer NajSO<. After removal of the solvent, the residue was 
raaymHiz^frtmr • obtaining - g of >f-methyfc5;6^ydro^ • 

(yield = 78%). 

l H-NMR (CDCy ; 7.85-7.00 (m, 8H); 3.72 (s, 3H); 3.61 (s, 2H). 
Example 6 

Synthesis of N-anyl>5,6Hlihydroindenor2,l-b]mdo]e of formula (V), wherein X is a single 
bond, Y -m N-allyli R 2 and R 3 form a condensed benzene ring and a=0 
In a 0.5 1 bulb were placed 100 ml 50% aqueous NaOH, 100 ml benzene, 6.1 g (28 mmol)of 
5,6^dihydroindenot2,l-b]indole, prepared in Example 4, 5 g (41 mmol) of allyi-brornide and 
0.5 g of trimethylcetylammonium bromide. After having stirred the obtained mixture for 12 
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hours, the formation of an organic phase was observed; said phase was separated, washed 
twice with water (100 ml) and dried over Na^CV After removal of the solvent, the residue 
was passed through a column of silicagel, eluted with hsxane/ethylacetate - 5:1); the 
resulting solution was evaporated, obtaining 1.8 g of N-allyl-5,6-diliydroindeno[2,l-b] indole 
(yield = 31%). 

l H-NMR (CDC1 3 ): 7.85-6.90 (m, 8H); 5.95 (m, 1H); 5.16 (m, 1H); 5,02 (m, 1H); 4.73. 
(m,2H); 3.63 (s,2H). 
Example 7 . 

Synthesis of N-phenyI-5,6^ihyfooindenor2J-b]indole of formula (V), wherein X is a single 
bond, Y ~ N-Ph, R*and R 3 form a condensed benzene ring and a=0 
In a 0.25 I bulb were placed 10 g (45 mmol) of N,N-diphenylhydrazinium chloride, 6.0 g 
(45 mmol) of 2-indanone and 50 ml of ethanol. The thus obtained mixture was heated at 
reflux for 4 hours and it was poured into water; the residual mixture was extracted with 
CHjClj (150 rri) ^ was isolated by' 

passing the obtained mixture through a column of silicagel, eluting with benzene/hexane = 
1:2. The resulting solution was evaporated and treated with 10 ml of hexane, obtaining the 
precipitation of crystals. Said crystals were separated, washed with hexane (10 ml) and 
finally dried, thus yielding 5.4 g of N-phenyl^.d-dihydroindenoPJ-bJindole (yield = 
45%). . _ 

l H-NMR (CDC1 3 ): 7.95-7.15 (m, 13H); 3.81 (s t 2H). 
Example 8 

Synthesis of 2-t-butylr5,6~dihydromdenof2,l-b] indole of formula (V), wherein X is a single 

bond, Y g N-H, R 2 and R 3 form a condensed benzene ring, a=l and R 4 « t-butvl. 
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16g (0.1 mol) of t-butyl-phenylhydrazine, 13g (0.1 mol) of indan-2-one and 10O ml of 
isopropanole were placed into a bulb. The obtained mixture was refluxed for 1 hour; then 
it was treated dropwise with a solution of 5ml H 2 S0 4 in 30 ml of isopropanole and 
refluxed for 1 hour. The resulting mixture was cooled to room temperature and poured 
into water. The precipitate was filtered, washed with water and finally dried,, thus yield 
" 18gof 24-butyl-5,6-dihydroindeno[2,l-b]indole (yield = 69%). 
! H NMR (CDClj): 8.04(bs, 1H); 7.88(s, 1H); 7.71(d, 1H); 7.42(d, 1H); 7.38(t, 1H); 
7.32<dd, 1H); 7.28(d, 1H); 7.12ft 1H); 3.65(s, 2H); 1.43(s t 9H). 
Example 8-bis 

Synthesis of 2-methyl-5 t 6-dihydroindenor2 t l-b]indole of formula (V), wherein X is a single 
bond, Y = N-H, R 2 and R 3 form a condensed benzene ring, a= 1 and R 4 = methyl. 





12.2g (O.lmol) of p-Me-phenylhydrazine, 13g (O.lmol) of indan-2one and 100ml of 
isopropanole were placed into a bulb. The obtained mixture was refluxed for 1 hour; the 
mixture was then treated dropwise with a solution of 5ml H 2 S0 4 in 30ml of isoprbpanol 
and refluxed for 1 hour. The resulting mixture was cooled to room temperature and 
poured into water. The precipitate was filtered, washed with water and finally dried, thus 
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obtaining 19.3g of 2-methyl-5,6^ydroindeno[2,l-bJindole (yield=88%). 

'H-NMR (CDCW: 8.03(bs, 1H); 7.650, 1H); 7.63(d, 1H); 7,39(d, 1H); 7.33ft, 1H); 

7.22(d, 1H); 7.08(t, 1H); 7.01(d, 1H); 3.7Q(s, 2H); 2.55(s, 3H). 

Example 9 

Synthesis of N-me&yI-2^butvl-5 t 6^ihydromdenof2J-bIindoie of formula (V), wherein X 
is a single bond, Y = N-Me, R 2 and R 3 form a condensed benzene ring, a =1 and R 4 = t- 
butyl. 



tBu tBu 




15g of NaOH, 20 ml of water, 20ml of benzene, O.lg of titriemyl-wtyl-ammoniuin 
bromide, 7.8g (0.03mol) of 2-t-bulyl-5,6^ytoindeno[2,l^]indole, obtained in Example 
8, and 2.5mU0.04moI).of...^ 

was stirred for 2 hours at room temperature and. then 10 minutes at reflux. The reaction 
mixture was then cooled to room temperature; the organic layer was collected, washed 
twice with lOOmi of water and evaporated. The residue was recrystaliized from 
hexane/benzene, thus obtaining 6.2g of N-memyl-2^-butyi-5 f 6^ydromdeno[2,l-b]bndoie 
(yield=75%). 

'H NMR (CDC1 3 ): 7.82(d, 1H); 7.64(d, 1H); 7.39(d, 1H); 7,32(t, 1H); 7.30(dd, 1H); 
7.24(d, 1H); 7.05(t, 1H); 3.72(s, 3H); 3.62(s r 2H); 1.43(s, 9H) 
Example 9-bis 

Synthesis of N-methyI-2-methyl-5 f 6-dihvdroindenor2,l-b1 indole of formula (V). wherein X 
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is a single bond, Y = N-Me, R 2 and R 3 form a condensed benzene ring, a=l and R 4 = 
methyl. 




45g of NaOH, 60ml of water, 60ml of benzene, 0 Jg of trimemyl-cethyl-ammoniurri 
bromide, 19.3(0.088mol) of 2-memyl-5,6^mydromdeno[2,l-b]indole, prepared in 
Example 8-bis, and 7.5ml (0.12mol) of CH 3 I were placed in a bulb. The resulting two- 
phase system was stirred for 2 hours at room temperature and then 10 minutes at reflux. 
Then the reaction mixture cooled to room temperature and filtered. The obtained 
precipitate was washed twice with ethanol and finally dried, thus obtaining 18g of N- 
me%l-2-methyl-5 , 6-dihydroindeno[2 , l-b]indole (yield=88%). 

(€^ 1H) ; 

7.05(t, 1H); 7.03(d, 1H); 3.76(s, 3H); 3.62(s, 2H); 2.56(s, 3H). 
Example 10 

Synthesis of N'memvl-2-mefeyl-l < 8^ydroindenor2 ,l-b]pyrrole of formula (V*), wherein X 
is a single bond, Y = N-Me, R 2 =H, R*=Me and a=0, 

MsOOC 




0 

9.2g (SOmmol) aminoindanone-hydrochloride (prepared as reported by S. Gabriel" et al., 
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Chem. Ber. 29:2604-2606, 1986), 23ml (200mmol) methylacetoacetic ester and 13,6g 
(lOOmmoI) NaOAc trihydrate were added to 100ml of acetic acid. The resulting mixture 
was heated at 80 e C under stirring, for 3 hours. The reaction mixture was then cooled to 
room temperature; the precipitate was filtered, washed twice with 100ml of water, ethanoi 
and ether, and was finally dried, thus obtaining 6.6g of carbomethoxy-indenopyrrole 
(yield=58%). 

'H-NMR(CDCi 3 ): 8.40(bs, 1H); 7.97(d, 1H); 7.37(d, 1H); 7.30(t, 1H); 7.10(tri, 1H); 
3.95(s, 3H); 3.53(s, 2H); 2.62(s, 3H). 




6.5g . (29mmol) of carbomethoxy-indenopyrrole, prepared as reported above, 3 .6ml 
(60mmol) of methyl iodide, 30ml water, 30ml of benzene, lOg NaOH and lOOmg of 
trimemyicetir^dainmonium chloride- were-plaeed-into a- bulb-and the mixture- was- heated at- 
40°C, under vigorous stirring, for 3 hours. Then the mixture was cooled to room 
temperature; the organic phase was separated, the solvent was evaporated and the residue 
was recrystallized from hexane/benzene mixture, thus obtaining 4.5g of N-methyl- 
carbomethoxy indenopyrrole (yield = 64 % ) .. 



MeOOC HOOC 




5.54g (20mmol) of N-methyl-carbomethoxyindenopyrrole, prepared as reported above. 
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25ml of m thanol and 25ml 37%KOH were placed into a bulb and the resulting mixture 
was refluxed until the solid dissolves. The resulting solution was cooled to roorn 
temperature , washed twice with 50ml of benzene and neutralized with hydrochloric acid. 
The precipitate was filtered, washed with water and dried, thus obtaining 3.6g of 
methyl-indenopyrrolecarbonic acid (yields 85%). 



HOOC 




3.6g (17mmoI) of the obtained compound and 40 ml of diglyme were placed into a bulb. 
The resulting suspension was heated to 160°C and kept at this temperature for 2 hours. 
The reaction mixture was then cooled to room temperature; the crystalline precipitate was 
filtered, washed with ethanol and finally dried, thus obtaining 2.27g of N-methyl-2-methyl- 
1 , 8-dihydroindeno[2, l-b]pyrro!e (yield = 79 %). 

'HrJMMRCCDCy;. 7.140a... 3EDL?J(Lfflk ^MkJm:rJM(h.mLh^ 3H); 
3.48(8, 2H); 2:28(s, 3H) 

PREPARATION OF BRUKtED LIGANDS OF FORMULA (TV) 
Example 11 

Synthesis of lO-fl-methyl-Hcyclopentato 1*1,2- 
blindole of formula (IV), wherein Cp is like in Ex. 2, A is cyclopentadienyl and the bridging 
divalent radical is CXCH^ 

In a 50 ml bulb were placed 1.55 g (7 mmoU of N-methyl-5,10-dihydroindeno[l,2-b] indole, 

prepared in Example 2, and 10 ml THF. The mixture was cooled to -50°C and .treated with 

4.5 ml of BuLi 1.6N (7 mmol) in hexane. The resulting solution was allowed to warm to 

33 



. WO 99/24446 



PCT/EP98/D7034 



room temperature and subsequently treated with a solution consisting of 0.75 ml (7 mmol) of 
6,6-dimethylfulvene in 5 ml of THF. The thus obtained mixture was stirred under reflux for 
2 hours; the resulting suspension was cooled to room temperature" and treated with 20 ml 
water. The mixture was extracted with CH 2 C1 2 (50 ml) and the organic phase was dried oyer 
■N^SO*; after evaporation of the solvent, the solid residue was reciystallized from hexane to 
yield 1.8 g (yield=80%) of a mixture of the two isomers (position of the double bonds) of 
the tigand 10-[l-memyi-l-(cyclopentadienyl) ethyl]N-methyl-5, 10-dfcyaromdeno[l ,2- * 
b]indole. 

5 H-NMR (CDOj): 7.6-7.0 (m, 8H); 6.87 (m), 6.64 (m), 6.55 (m) t 6.46 (m), 6.22 (m), 5.96 
(m) total 3H; 4.13 (s), 4.10 (s) total 1H; 4.03 (s, 3H); 3.22 (m), 3.08 (m) total 2H; 1 .47 (s), 
1.42 (s), 0.90 (s), 0.89 (s) total 6H. 
Example 12 

Synthesis of 1041"methvl»l^-l?urvlK;vclopentadienvl) ethyllN-irrethyl-5 , 1 Q-dihydroindeno 
f 1,2-blindole formula (TV), wherein Cp is like in Ex. 2, A is 2- f But-cycIopentadienyi and the 
bridging divalent radical is CfGHQ, 

In a 100 ml bulb were placed 3.07 g (14 mmol) of N-niemyl-5 t 10^dihydroindeno[1.2- 

b]indole prepared in Example- 2 and 20 ml THF. The mixture was cooled to -50 °C and 

subsequently treated with 9 ml of BuLi 1.6N (14 mmol) in hexane. The resulting solution 

was allowed to warm to room temperature and subsequently treated with a solution 

consisting of 2.27 g (14 mmol) of 6,6-dimemyl-2-'butyl-fuivene in 10 ml of THF. The thus 

obtained mixture was stirred under reflux for 2 hours; the resulting suspension was cooled to 

room temperature and treated with 50 ml water. The mixture was extracted with hexane (100 

ml) and the organic phase was dried over Na 2 S0 4 ; after evaporation of the solvent, the 
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. residual oil consisted of pure l(Ml-methyl-l-(3-butyl^yd^ 
dihydroindeno[l,2-b]indole. This product, which did not crystallize and did not require any 
further purification step, was obtained in yield of 93% (5 g), as a mixture of the three 

. isomers due to the presence of the double bonds. 

'H-NMR (CDClj): 7.6-6.9 (m, 8H); 6.62 (m), 6.22 (m), 6.18 (m), 6.08 (m) t 6.00 (m), 5.74 
(m) total 2H; 4.11 (s), 4.05 (s), 4.02 (s) total 1H; 4.01 (s, 3H); 3.21 (m), 3.19 (in), 3.06 
(m) total 2H; 1.50-0.90 group of singlets total 15H. 
Example 13 

Synthesis of 10-fl-memyl>H3-adairianthyl-cyclopentadienvI) emynN-memvl-5,10-dihvdrd 
indenon,2"b1indole, corresponding to formula (IV) wherein Cp is like in Ex. 2. A is 3-(l~ 
adamanthyR-cyclopenitadienyl and the bridging divalent radical is CCCHj^ 
(a) Synthesis of 6,6niimethy!-2^1-aaanianthy^rulvene 




A mixture of nickelpcene (12.6 g, 66.7 mmol), 1-bromoadamantane (14.3 g, 66.7 mmol), 
triphenylphqsphine (17.5 g, 66.7 mmol) and dry THF (90 ml) was stirred and heated to 
the reflux temperature for 10 hours. The solvent was removed by distillation under 
reduced pressure and the crystalline residue was washed with hot hexane (5x50 ml). Then 
hexane was evaporated from red extract and the residual deep-red oil was purified by 
column liquid chromatography (ehient: hexane). Yield 12.9 g (97%). 
m.p. « 19-21°C. 

l H NMR (benzene^; 30°C) 6: 6.64(m); 6.42(m); 6.26(m); 6.13(m); 5.93(m) <2=3H, 
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=CH-); 2.92(m, 211,-0^-); 2.00(s, 3H); 1.77(s, 6H); 1.61(1, 6H) {Adamantane}. 
KOH/EtOH' 

88% . 

A mixture of KOH (6.05g, 0.108 mol) and EtOH (50 ml) was degassed. Into well-stirred 
mixture 1-cyclopentadienyladamantane (7.88g, 34.7 mmol), obtained as reported above, 
was added. After 15 minutes at room temperature acetone (3.8 ml, 52 mmol) was added, 
and the mixture was stirred and heated to the reflux temperature for 1 hour. Then the 
mixture was poured out into a solution of 85% H 3 P0 4 (8 ml) in 150 ml of H 2 0. Yellow 
precipitate was filtered and washed with H 2 0 (3x20 ml), EtOH (15 ml), and dried in 
vacuo. The yield 7.31 g (88%). 

!H NMR (CA, 30°C) 5: 6.69(dd, 1H); 6.60(dd,.lH); 6.24(t, 1H) {-CH=}; 1.97(bs, 3H); 
1 .88(bs, 6H); 1.70(bs, 6H) {Adaihantane} .; 1 .87(s t 3H); 1.81(s, 3H) {-CHJ. 
(b) Synthesis of 10-i>methyM-(3-adamanthyI<ydo^ 
ainydrdind^ ' - - 

In a 50 ml bulb were placed 1.80 g (8.3 mmol) of N-methyl-5,10-dihydroindeno[l t 2- 
bjindole prepared in Example 2 and 10 ml THF. The mixture was cooled to -50 °C and 
subsequently treated with 4.8 ml of BuLi 1.6N (8.3 mmol) in hexane. The resulting solution 
was allowed to warm to room temperature and. subsequently treated with a solution 
consisting of 2.0 g (8.3 mmol) of 6 t 6^emyl-2-(l-adarnanmyl)-fulvene, prepared as 
described above, in 15 ml of THF. The thus obtained mixture was stirred under reflux for 2 
hours; the resulting suspension was cooled to room temperature and treated with 20 ml 
water. The mixture was extracted with CH 2 C1 2 (50 ml) and the organic phase was dried over 
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Na^O,; after evaporation of the solvent, the residue was recrystallized from 
methanol/benzene (2/1), yielding 2.7 g (yield=72%) of a mixture of the three isomers 
(position of double bonds) of the iigand 10-[l-methyl-l-(3-adamanthyl- 
cyclopenlaojenyl)e^ 

'H-NMR (CDCI3): 7.6-6.9 (m, 8H); 6.60 (m), 6.25 (m), 6.14 (m), 6.09 (m), 5.95 (m), 5.73 
(m) total 2H; 4.13 (s), 4.10 (s), 4.07 (s) total 1H; 4.05 (s, 3H); 3.20 (m), 3.18 (m), 3.00 
(m) total 2H; 2.1-1,7 group, of multiplets total 15H;' 1.37 (s), 1.28 (s), 1.25 (s), 0.99 (s), 
0.96 (s), 0.94 (s) total 6H. 
Example 14 

Synthesis of 10-f2-(N-methyl-5,l(^^ 

dihydroindenorK2-b1iiid ole t corresponding to formula (IV) wherein Cp = A = Ex. 2 and 
the bridging divalent radical is {CR-X 

In a 250 ml bulb were placed 4.38 g (20 mmol) of N-methyl-5,10-dihydroindenotl,2- 
bjindole prepared in Example 2 and 50 ml THF. The mixture was cooled to -50 °C and 
treated with 12.5 ml of BuLi 1 ,6N (20 mmol) in hexane. The resulting solution was allowed 
to warm to room temperature, then cooled to -50 °C and finally treated with a solution 
consisting of 0.85 ml (10 mmol) of 1,2-dibromoethane 

in. 10 ml of THF. The thus obtained mixture was stirred, under reflux for 1 hour; the 
resulting suspension was cooled to room temperature and treated with 1 ml water. It was 
isolated a white precipitate, which was washed with ether and dried, yielding 3.0 g 
(yield=60%) of the Iigand 10-[2-(N-memyl-5 t 10-^ 
methyl-5 , 10-dihydro indeno[l,2-b]indole. 

'H-NMR (CDClj): 7.6-7.1(m, 16H); 4.05(s, 6H); 3.82(m, 2H); 2.18(m, 2H); 1.83(m, 2H). 
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Example 15 

Synthesis of lCffl.l-dirne myH-^^ ri,2-bIlndoM0>vnsilvn-N> 
methyI-5 JO-dihydroinde nofl^-bl indole, corresponding to formula (IV) wherein Cp = A = 
Ex, 2 and the bridging divalent radical is SifCHA 

In a 100 ml bulb were placed 2,0 g (9 mmol) of N-raemyI-54C^ydn?indeno[l,2-b]indole 
prepared in Example 2 and 20 ml diethylether. The mixture was cooled to 0 6 C and treated 
with 6 ml of BuLi 1.6N (9 mmol) in hexane. The resulting solution was allowed to warm to. 
room temperature, then cooled to 0°C and finally treated with a solution consisting of 0.55 
ml (4.5 mmol) of Me^SiClj in 10 ml of diethylether. The thus obtained mixture was stirred 
under reflux for 2 hours; the resulting suspension was cooled to room temperature and 
treated with 20 ml water. It was isolated a white precipitate, which was washed with ether 
and dried, yielding L9 g (yield=85%) of a rac/meso mixture (3:2) of the ligand 10-[1,1- 
o^emyl-l-{N-me%l-5,10^ 
d&ydroindeno[l,2-b] indole. 

'H-NMR (CDClj): 8.0-7.0 (m, 16H); 4.41 (s, rac-), 4.32 (s, meso) total. 2H; 4.16 (s , rac-), 
4.13 (s, meso-) total 6H; -0.40 (s, meso-), -0.48 (s, rac-), -0.49 (s, meso-) total 6H. 
Example 16 

Synthesis of 10-ri-me&yM-(cvcloperit^ 11.2- 
blindole, co responding to formula (IV) wherein Cp is like in Ex. 3. A is cvclopentadienvl 
and the bridging divalent radical is C(CH,k 

In a 100 ml bulb were placed 4.0 g (15 mmol) of N-phen>1-5,10-olhydroindeno[l,2-b]indole 
prepared in Example 3.and 20 mi THR The rdxture was cooled to -50°C and treated with 
9.4 ml of BuLi 1.6N (15 mmol) in hexane. The resulting solution was allowed to warm to 
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room temperature and subsequently treated with a solution consisting of 1.6 g (15 mmol) of 
e.fi^iimethyliulvene in 10 ml of THF. The thus obtained mixture wai stirred under reflux 
for 2 hours; the resulting suspension was cooled to room temperature and treated with 20 ml 
water. The mixture was extracted with CHA (50 ml) and the organic phase was dried oyer 
Na^O,; after evaporation of the solvent, the residue was recrystallized from hexane to yield 
2.9 g (yield=52%) of a mixuire of the two isomers (position of double bonds) of the ligand 
10-[l-me%l-Hcydopentadienvl)emylJN-phenyl.54(Waydroindeno[l^ 
'H-NMR .(CDClj): 7.6-6.9 (m, 13*); 6.89 (m), 6.69 (m). 6.58 (m), 6.48 (m), 6.26 (m). 
6.00 (m) total 3H; 4.22 (s), 4.20 (s) total 1H; 3.26 (m), 3.10 (m) total 2H; 1.54 (s), 1.50 
(s), 1.03 (s), 1.02 (s) total 6H. 
Example 17 

Synthesis of lQ-ri,l^thvl-l^- D henvl-5^ 

plienyl-S.lO-dihvdroindenofl^-bl indole, correspond™ r 0 fo^ia ny> wW^o, = A 

© - 

Ex. 3 and th e bridging divalent radical is SUCH,), 

In a 100 ml bulb were placed 4.0 g (15 mmol) of N-phenyl-5,10^ihydroindeno[l,2-b]indole 
prepared in Example 3 and 50 ml diethylether. The mixture was cooled to O'C and treated 
with 9.4 ml of BuLi 1.6N (15 mmol) in hexane. The resulting solution was allowed to warm 
to room temperature, then cooled to O'C and finally treated with a solution consisting of 
0.88 ml (7.5 mmol) of Me^iCl, in 10 ml of diethylether. The thus obtained mixture was 
stirred under reflux for 1 hours; the resulting suspension was cooled to room temperature 
and seated with 20 ml water. A white precipitate was isolated, washed with ether and dried, 
yielding 3.6 g (yield=81%) of a rac/meso mixture (1:10) of the ligand lO-tM-dtaefcyl-l- 
. (N-phenyl-5,10^ydroin^^ 
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'H-NMR (GDClj): 7.70-7.00 (m, 26H); 4.52 (s, nc-), 4.42 (s, meso-) total 2H; -0.37 (s, 
meso-), -0.42 (s, rac-), -0.45 (s, meso-) total 6H. 
Example 18 

Synthesis of 6-rU^iiineftyI-l-(N-^ 

metnyl-5,6-daydroindenof2,l-b1 indole, correspon ding to formula (TV) wbsrein nn m A , 
fa. 5 and the bridging divalent radical is SifCH,).. 

In a 100 ml bulb were placed 2.5 g (11.4 mmol) of N-n^yl.5,^dihydroindenof2,l- 
bjindole prepared in Sample 5 and 20 ml diemyletber. The mixture was'cooled to 0°C and 
treated with 7.2 ml of BuLi 1.6N (11.4 mmol) in hexane. The resulting solution was allowed 
to warm to room temperature, then cooled to 0"C and finally treated with a solution 
consisting of 0.7 ml (5.7 mmol) of Me^iCl, in 10 ml of diethylether. The thus obtained 
mixture was stirred under reflux for 2 hours; the resulting suspension was cooled to room 
te * l ? e ^~. t ^ precipitate was isolated, washed with 

ether and dried, yielding 1.7 g (yield=60%) of a rac/meso mixture (5:1) of the target 
product 

'H-NMR (CDC1 3 ): 7.W5.8 (m, 16H); 4.02 (s, rac-), 3.62 (s, meso) total 2H; 3.63 (s, meso- 
), 3.43 (s, rac-) total 6H; 0.06 (s, meso-), -0.38 (s, rac-), -0.42 (s, meso-) total 6H. 
Example 19 

Synthesis of 6-ri,l-dimeftyl-Hflu6 renv ten^^ 

corresponding to formula (IV) wherein Cd=Ex. 5, A= f luorenvl and the hrjdging divalent 
radical is Sif Cttfc, 
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A suspension of 2.19g (10 mmol) of N-meifyI-5,6^ydro^ prepared in 

Example 5, in 30ml of ether was treated' dropwise with 6.25ml 1.6N BuLi (lOmmot) in 
hexane. The resulting deep-yellow solution was cooled to -20°C and then was treated with 
a solution of 2.6g (lOmmoI) of fluorenyl-dunethylchlorosilane (prepared as described by 
K. Patsidis et a!., J. Organomet. Chem. 509(1): 63-71, 1996) in 20 ml of ether. The 
obtained mixture was heated to room temperature; stirred for 1 hour and water was added. 
The thus: obtained precipitate was filtered, washed with water and ethanol, and finally 
dried, to yield 2.6g of the target product (yield =59%), 

1 H-NMR(CDC1 3 ): 8.0-7.1 (group of multiplets, 16H); 4.19(s, 1H); 3.98(s, 1H); 3.58(s, 
3H); -0.35(s, 3H); -0.41(s, 3H). 
Example 20 

Synthesis of 6-fl4-dhnethyl-H2J-d^ 

[24-b]indole, corresponding to formula (IV) wherein Cp=Ex. 5, A=2.7-di^butvl-fluorenvl 
and the bridging divalent radical is SifCHA . 
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A suspension of 0.65g (3mmol) of N-nKthyl-S.o^ydrointooP.l-bJindote, prepared in 
Example 5, in 15ml of ether was treated dropwise with 1.9ml 1.6N BuLi (3mmol) in 
hexane. The resulting deep-yellow solution was cooled to -20°C and treated with a 
solution of l.lg (3mmoI) of 2J-dk-butyl-fl U o re nyl-dimethylchlorosaane (prepared as 
described by K. Patsidis et al., J. Organomet. Chem. 509(1): 63-71, 1996) in 10 ml of 
ether. The obtained mixture was heated to room temperature, stirred for 1 hour and water 
was added. The precipitate was filtered, washed with water and ethanol, and finally dried, 
thus yielding 0.85g of the target product (yield =51 55). 

'H-r^CDCy: 7.'8-6.8 imiMTCm'iM7m 3.4b(s. ' 

3H); 1.36(1. 9H); 1.25(s, 9H); -0.29(s, 3H); -0.45(s, 3H). 
Example 21 

2f 6-KN-memvl-5,taihvdro^ 

dihydromdenor2,l-blindole. corre sponding to fnrm.Ua (IV) wherein Qp = A = Rr. 5 and 
the bridging divalent radical is CH. 
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21.9g (O.lmol) of N-me^M^S-dmydromdenoP.l-bJindole, prepared in Example 5, and 
200ml of DMFA were placed into a bulb, and the resulting mixture was heated under 
stirring to 50 C C. 3.4g (0.05mol) of tfaOEt were added to the mixture and the resulting 
solution was stirred for 10 minutes and then treated with 3.8 ml 37% formaline The 
resulting mixture was stirred for 2 hours at 75 °C; then it was cooled to room temperature 
and treated with 5.3g of NH 4 C1. The precipitate was filtered, washed twice with DMFA 
(30ml) and with ether, and finally dried thus yielding 20g of the ligand 6-[(N-methyl-5,6- 
dihydroindeno[2,l-b]^ 
(yield =90%). 
l K-NMR(M 
Example 21-bis 

Synthesis of 64(N-meftyl-2-in eftyl-5^ 

memyl-5,6^vdrobdenor 2 t l-blindole. corresponding to formula (IV) wherein Cd= A=Ex. 



9-bis and the bridging divalent radical is CH, 




9.32g (0.04mol) of N-metiiyl-2-raethy^ prepared in 
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Example 9-bis, and 80ml of DMFA were placed into a bulb and the resulting mixture was 
heated under stirring to 50»C. Then 1.3Sg (0.02mol) of NaOEt were added; the resulting 
solution was stirred for 10 minutes and then treated with 1.52ml 37% formaline. The 
resulting mixture was stirred for 2 houre at 75'C, then cooled to room temperature and 
treated with 5g of NH,Cl. The obtained precipitate was filtered, washed twice with DMFA 
(15ml), ethanol and ether, and finally was dried, thus obtaining 9.5g of 6-[(N-methyl-2- 
mefoyl-5,6^ihyoroindeno[2,l-ty 
dihydroindeno[2,l-b]indole (yield=99%). 

'H-NMR (CDCy: 7 .86(d, 2H); 7.66(d, 2H); 7.63(s, 2H); 7.40(t, 2H); 7.13<m, 4H); 
7.02(d, 2H); 4.50(m, 2H); 3.59(s, 6H); 2.52(s, 6H); 2.23(m, 2H). 
Example 22 

Synthesis of o-ri.lKjimemvl-l^-ptenvl-S^ • 
plienyl-5,6KnT 1 ydrofaidenof2,l-blindole. corresp on ding to formula (TV) wherein q, » A « 
Ex. 7 and the bridging divalent radical is Si(CK,\ 

In a 250 ml bulb were placed 6.45 g (24 mmol) of N-memyl-5,c^droindeno[2,l-b]uidole 
prepared in Example 5 and 100 ml diethylether. The mixture was cooled to 0»C and treated 
with 15 ml of BuLi 1.6N (24 mmol) in hexane. The resulting solution was allowed to warm 
to room temperature, then cooled to 0=C and finally seated with a solution consisting of 1 .4 
ml (12 mmol) of Me^iCl, in 20 ml of diethylether. The thus obtained mixture was stirred 
under reflux for 1 hours; the resulting suspension was cooled to room temperature and 
treated with 20 ml water. A white precipitate was isolated, washed with ether and dried, 
yielding 5.0 g (yield=70%) of pure rac-fonn of the ligand 6-[U^imemyl.lKN-pheiiyl-5,<>. 
dihydtoindraoE.l-bW (the 
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fonn was found in the mother solution), 

'H-NMR (CDCy: 7.90-7.00 (m, 26H); 3.60 (s, 2H); -1.03 (s, 6H). 
Example 23 
Synthesis of ^ 

N-me&yl-2-t^uty3-5,6^ correspond^ to formula (TV) therein 

Cp => A ■ Ex. 9 and the bridging divalent radical is SiOMu 

2SuU 





A suspension of 5.5g (20 mmol) of N-memyl-2-t-taty^ 

prepared in Example 9, in 50ml of ether was treated dropwise with 12.5 ml 1.6N BuLi 
(20mmol) in hexane. The resulting deep-yellow solution was cooled to -20°C and then 
treated with a solution of 1.3g Me^iCi, (lOmmol) in 10 mi of ether. Then obtained 
mixture was allowed to warm to room temperature and refiuxed itelll^^'"« sa i^ 
mixture was treated with 100ml water; the organic layer was collected, washed with water, 
and the solvent was evaporated. The resulting oil' was treated with 10ml of hexane. In 
some minutes a white precipitate started to form. The obtained precipitate was filtered, 
washed with hexane and finally dried, thus obtaining the pure rac-form of the target 
product (2. lg;yield=30%). 

l H NMR CCDCy: 7.84(4, 2H); 7.75(d, 2H): 7.66fd. 2H): 7.37ft. 2H): 7.28(dd. 2HV 
7.19(d, 2H); 7.15(td, 2H); 4.12(s, 2H); 3.48(s, 6H); 1.42(s, 18H); -0.5(s, 6H). 
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Example 24 

asfejS of HLl^SgMi^^ 

yI)silyi1-N-me^^ corresp ondm p to formula OV) 

wherein Cp=A= Ex.10 a nd the bridging divalent radical is SKCK^ 




A suspension of Ig (5.5mmol) of N-methyl^-methyl^.g^ydroirdenoPJ-bJpyrrole, 
prepared in Example 10, in 10ml of ether was cooled to -20°C and was treated with 
3.4ml 1.6N BuLi in hexane. The resulting mixture was allowed to warm to room 
temperature; the mixture was then cooled to -50°C and treated with 0.33ml (2.7mraoI) 
MejSiCl^. The resulting suspension was allowed to warm to room temperature and treated 
^A 0 ^..^?.^. 1 ^ 01 solution (50m] >- -Tte Precipitate was filtered, washed with ether 
and finally dried, thus obtaining 0.9g of 8-[l , 1 -4imethyl-l -(N-memyl-2-methyl-l , 8- 
dmyoroindeno[l,2-b]pyrrol-9-yl)silyl]^ 
(yield=77%) as a l:l=rac:meso mixture. 

l H-NMR (CDC1 3 ): 7.55(d,lH)( 7.42{d,lH); 7.36(d,lH); 7.26(t,iH); 7.18(t,lH); 
7.07(t,lH); 6.94(1,111); 6.82(d,lH); 6.16(s.lH); 6.ll(s,lH); 3.70(s,lH); 3.38<s,3H); 
3.32(s,lH); 3.25(s,3H); 2.33(s,3H); 2.26(s,3H); 0.1(s,1.5H); -0.42(s,3H); -0.46(s, 
1.5H). 

PREPARATION OF IVffiTALLOCENES OF FORMULA (I) 
Example 25 
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Synthesis of iswro D vIid«i(N.m e mvl-S.10-dihvdromdenori.2.bl indni-in-y n 
(cyclopentadienvn zirconium diohloririb 

In a 70 ml bulb were placed 3.25 g (10 mmol) of the ligand 10-ri-methyl-I- 
(cydopentadienyl^y^^ prepared in Example U, 

and 40 ml diethylether. The obtained mixture was cooled to -50°C and treated with 14 ml 
(22 mmol) of BuLi LSN in hexane. After two hours, it was observed the precipitation of 
orange crystals, which were separated, washed with cold diethylether and dried/ thus 
yielding 2.36 g Cyield=70%) of me Hthium salt of the starting ligand dianion. 
1.63g (7 mmol) of ZrC^ were suspended in 30 ml of cold CH^ and the obtained mixture 
was treated with 2.36 g of me above lithium salt After vigorous reaction, ZrO, dissolved 
and the solution became violet After evaporation of the solvent, the obtained complex was 
recrystallized from toluene, thus' yielding 2.2 g of isopropyliden(N-methyl-5,10- 
dihydromdeno[l,2-b]mdol-lC)-yl)(cyclopen£adienyl) zirconium, dichloride (yield=60%). 

*^.$^:.*.$J^JM .?»L?^J^..7;»(4H); 7.40 (t.H); 7.28 
(dd,H); 7.16 (t,H); 6.94 (ddJD; 6.24 (m.lH); 6.10 (m,lH); 5.97 (m,lH); 5.51 (ih,1H); 
4.19 (s,3H); 2.50 (s,3H); 2.38 (s,3H). • 
Example 26 

Synthesis of isopropylidenffl-me thvl-5.10^ 
cyclopentadienyl) zirconium dichloride 

In a 70 ml bulb were placed 1.9 g (5 mmol) of the ligand 10-[l-methyl-l-(3-t-buty|. 
cyclopentadienyl)ethyl]N-memyl-5,10wlihydroindeno[^ prepared in Example 12, 

and 20 ml of toluene. The .obtained mixture .was. cooled to -50°Cand treated with 6.25 ml ' 
(10 mmol) of BuLi 1.6N in hexane. The resulting solution was allowed to warm to room 
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temperature within 1 hour and then it was treated with 1.16 g (5 mmol) of ZiCl,. Tnt 
solvent was evaporated and the residue was recrystallized from ether, thus yielding 0.13 g of 
a mixture about hi of. the two isomers meso- and rao of jsoproiylidenm-methyl.5,10. 

(yield=*5%). 

'H-NMR (CDA): 8 . 20 -7.00 (m,8H); 6.16 (m). 6.00 (m), 5.80 (m). 5.47 W 5 . 3 9 (m) 
total 3H; 4.16 (s), 4.15 (s) total 3H; 2.50 (s). 2.49 (s), 2.35 fs), 2.34 (s) total 6H; 1.17 ( s ). 
1.00 (s) total 9H. 
Example 27 

Synthesis of isopropyIide n fN- m ^vl-5.10Hlihvdr nin ^n. n w ' m^ MHk 
adJmannivlHvelopentadienv n zirconium rfehinriri» ' 

In a 70 ml bulb were placed 2.3 g (5 mmol) of the ligand 10- t l^thy!-l^-adamanth y l. 
cyclopenmdienvl^^ fa ^ 

313(1 20 ^..°f tolu ^ ^..°^..n^ was i cooled . to.;50^C and treated with 6.25 ml 
(10 mmol) of BuLi 1.6N in hexane. n,e resulting solution was allowed to wamTto rooin 
temperature within. 1 hour and then it was treated wk U6 g (5 mmol) of ZrCI,. Tbe 
solvent was evaporated and the residue was recrystallized from ether, thus yielding 0.21 g of 
isopi^yHcb,^-^ 

cyclopenfadienyl] zirconium dichloride (yieid=7%). 
Example 28 
Synthesis of 



— ^opropylidenrN-phenv^. 10-dih r rim mde no f j ^ 1.1 n . 
ylXcvclopenta dienvl) zirconium dichloride ' 

In a 70 ml bulb were placed 2.26 g (6 mmol) of the ligand lO-fl^thyH- 
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Coyctopentadienyl)^^ phipared fa 

16, and 20 ml of toluene. He obtained mixture was cooled to -50'C and treated with 7.5 ml 

(12 mmol) of BuU 1.6N in hexane. The resulting solution was allowed to warm to room 

temperature within 1 hour and then it was treated with 1.4 g (6 mmol) of ZrCl«. The solvent 

was evaporated and the residue was recrystallized fiom ether, thus yielding 0.55 g of 

isopropynden(N-ph^^ 

dichloride (yield -17%). 

'H-NMR (CTjCy: 8.25-7.00 (m,13H); 6.36 (m.lH); 6.29 (m,lH); 5.88 (m,lH); 5.56 
(m,lH); 2.57 (s,3H); 2.41 (s,3H). 
Example 29 

Synthesis of dimeftylsilanedivl^^ 
zireonnmi dichloride 

In a 70 ml bulb were placed 4.75 g (8 mmol) of lO-fl.l-dime^MKN-phenyl-S.lO^ydrn ' 
indenott,2:WindQ^ 

17, and 40 ml of ether. The obtained mixture was cooled to -50°C and treated with 12.5 ml 
(2 mmol) of BuLi 1.6N in hexane. In the period of two hours, the precipitation of yellow 
crystals is observed; said crystals were isolated, washed with cold ether and dried, yielding 
2.9 g (60%) of the lithium salt of the ligand dianion. 

l-12g (4.8 mmol) of ZrCI« were suspended in 30 ml of cold CH^ and the obtained 
mixture was treated with 2.9 g (4.8 mmol) of the lithium salt obtained as described above. 
After vigorous reaction, ZrCl< dissolved and the solution became dark violet. The solution 
was concentrated to Sml and cooled to -50«C. A crystalline solid- was isolated, washed with 
cold CH^ and dried, thus yielding 2.35 g of annethylsilanediyl-bis^-phenyl-S.lO. 
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dihydroiiKlenoCl^-bjiiKioI-lO-y]) zirconium dichloride (yield=65%). 
Example 30 > 

Synthesis of dimethyl sflan^y^bisrN-methvM. ^ vdroiDdeno p^ ^lmdol-^vnzirconhim 
dichloride 

■* 

In a- 70 ml bulb were placed 2.48 g (5 mmol) of 10-[l,I.dimettyM-(N-methyl.5,10- 
dihydroindeno[l,2-b]mdol.l0-yl). siIyl]-N-mefoyl-5,10^^ 
prepared in Example 18, and 20 ml of toluene. The obtained mature was cooled to -50'C 
and treated with 6.25 ml (10 mmol) of BuLi 1.6N in hexane. The resulting solution was 
allowed to warm to room temperature within 1 hour and then it was treated with 1.16 g (5 
mmol) of ZrCV The resulting yellow crystals were separated, washed with toluene and 
dried, thus yielding 0.39 g of dtaethylsiIai^H>is(N-m^^ 
b]indol^yl)zirconhnn dichloride (yield =12%) in me form of the rac-isomer. 
'H-NMR. (CD 2 Clj): 7.6-6.9 (m,26H); 3.7 (s,6H); 2.37 (s,6H). 
Example 31 

Synthesis of dimefeylsilanediyHfmorei™n^^ ^ 
zirconium dichloride 




A suspension of 2.2g (5mmol) of 6-[l,l-<iiine±yl-HfluorenyI)sUyl][N-m e thyi-5,6- 
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dftydroindenop.l-bjindole, prepared in Example 19. in 40ml of ether was treated with 
6.25ml 1.6N BuLi (lOmmoI) in hexane. The resulting solution was cooled to -SO'C and 
treated with 1.16g (5mmol) of ZrCL. The obtained mixture was allowed to warm to room 
temperamrc and then stirred for 2 hours'at room temperature. The thus obtained orange 
precipitate was filtered, washed with TOP and ether, and finally dried, thus yielding 2.1g 
of ^thylsuanediyHto^ ionium 
dichloride (yield=70*). 
Example 32 

Syndesis of memylen-bk^^ 

In a 100 ml bulb were placed 2.25 g (5 mmoi) of 6-[(N-memyl-5,Wihydroindenor2.1. 
, b]iixiol^yl)me W ^ prepared b 21> ^ 

40 ml of diethylether. The obtained mixture was cooled to -50 e C and treated with 6.25 ml 
(10 mmoi) of Buli 1.6N in hexane. The' starting ligand dissolved and me corresponding 

Whit8 dflMliUm .. ffllt . Started .... to .P rK : i ^ i P^"" 8 was isolated, washed with 
diethylether and dried, thus yielding 1.8 g of said dilithhim salt (yield =78*). 
0.9 g of ZrCV (3.9 mmoi) was suspended in 30 ml of cold 03,01, and the obtained mixture 
was treated with 1.8 g (3.9 mmoi) of the above' <iMtbium salt ZrO, dissolved and a red 
crystalline solid precipitated; the precipitate was isolated, washed with cold CB.O, and 
dried, thus yielding 0.62 g of memylen-bis(N-methyM^ 
zirconium dichloride (yield =33%). 
Example 32-bis 

Synthesis of me ft v leh-bi^^ 
dichloride 
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ether 




2ra 4 




A suspension of 3g (6.67mmoI) of H^m^m-S.S^y^^l^o^ 

prepared ta examp]e 

in 60ml of ether was treated with 10ml 1.6N BuLi (Ifomol) in hexane and stirred within 
3h. The resulting yeUow suspension, containing the duithium salt of the ligand, was 
isolated by filtration, washed twice with ether and dried. 

The obtained product was dissolved in 50ml of dichloromethane at -50°C and the resulting 
yeUow solution^ . 

warm to room temperature under stirring for 3 hours. The inorganic by-products were 
filtered, and the solution was evaporated to 5ml. The red crystalline precipitate W as 
isolated by filtration, washed with cold dichloromethane and dried, thus obtaining O.SSg of 
the target product(yield=20%). 
Example 33 

Synthesis ofeymegajg^^ p,i-q^vn^ninm 
dichloride 

In a 70 ml bulb were placed 5.94 g (10 mmo!) of 6-[l,l-dimethyl-lKN- P henyl-5,6-dihydro 
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i*ieno|3.1-b]inda^^^ prepared infix. 22, 

and 40 ml of diefliykther. The obtained mixture was cooled to -50°C and treated with 14 mi 
(22 imnol) of BuLi 1.6N in hexane. In the period of two hours, the precipitation of white 
crystals was observed; said crystals were isolated, washed with' cold diethylether and dried, 
yielding 3.6 g of the lithium salt of the ligand dianion (yield.=60%). 
1 . 4 g (6 mmol) of ZrCl, were suspended in. 30 ml of cold C^Cl, and the mixture was 
treated with 3.6 (6 mmol) of the lithium salt obtained, above. After vigorous reaction, ZrCl< 
dissolved and the solution became orange. The solvent was evaporated and the complex was 
recrystallized from toluene, thus giving dimethykilanediyl^^ 
[2, 1-b]indoI^yl)zirconium dicbioride in very high yields. 
Example 34 

Synthesis of dtoethyMlanediyl-bis^ 
yQzirconium dichloride 





A solution of l.36g (2 mmol) of the ligand e-fl.^ftyW^N.^yM^tyl-i.e- 
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prepared in Example 23, in 40ml of ether was treated with 2.5ml 1.6N BuLi (4mmol) in 
hexane. The resulting solution was cooled to -50»C and treated with 0.47g (2 mmol) of 
2*C14. The mixture was allowed to warm to room temperature and stirred for 2 hours at 
room temperature. The thus obtained yellow precipitate was filtered, washed with ether 
and finally dried, thus obtaining 0.83g of the target product (yield=50%). 
Example 35 

Synthesis of bis^-memyl .5,6^ m i n d en 0 f2.1.bli n d n i.S-vn dichlnrifU 
In a 100 ml bulb were placed 2.19 g (10 mmol) of N-methyl-S.o^ihydxoindenoP.l- 
b]indole, prepared in Example 5. and 30 ml of diethylether. The obtained mixture was' 
cooled to 0»C and treated with 6.25 ml (10 mmol) of BuLi 1.6N in hexane. Tne resulting 
solution was cooled to -50»C and treated with 1.16 g (5 mmol) of ZrC;. The resulting 
mixture was allowed to warm to room temperature and maintained un&^ 

for 12 hours. A yellow precipitate was isolated, washed with diethylether and recrystallized 

&om 01,01,, thus obtaining : .1,0 g of N-methyl-5,6^ydroina^[2,l-b]ii 1 dole 
.. (yield=33%). in the form of yellow crystals. The mother ^oT^Z^r^ ^Q,, 

resulting solid was recrystallized from toluene, thus giving a total yield of 1.2 g 

(yield=40%). 

Example 36 

Synthesis of bi S (N-phe W l-5.l0^d r n i nH.n orl . 2 . blipdol . 10 . vn 

In a 100 ml bulb were placed 2.81 g (10 mmol) of N-phenyl-5.I()^droindeno[l,2- 
bjindole, prepared in Example 3, and 30 ml of diethylether.- The obtained mixture was 
cooled to O'C and treated with 6.25 ml (10 mmol) of BuLi 1.6N in hexane. Tne -resulting 
solution was cooled to -50.-C and treated with 1.16 g (5 mmol) of ZrCL. The obtained 
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mixture was allowed to warm to room temperature and maintained under 



continuous stirring 



for 2 hours. 



A red precipitate was isolated, washed with diethylether and dried; the resulting solid was 
washed with 50 ml of CH 2 C1, and the resulting solution was concentrated up to 5 ml. Red 
• crystals were isolated, washed with cold CH A and dried, thus yielding 1.3 g of bW- 
ptenyl-S.lO^ydraindeiroru dichloride <yield=36%). 

Example 37 

Synthesis of di m ethylsflanedivl-bi S rN- m ethyl-7- met hv 1 -i,^ i w^^^ r | , g 
yl)zirconium dichloride 



OHx Jtis Ms CH 3 






1)2BuU 

z>za t 



A suspension of 0.9g (2.1mmol) of the ligand prepared in Example 23 in 20ml of ether 
was treated with 2.7ml 1.6N BuLi in hexane. at room. temperature. The resulting mixture 
was stirred for 3 hours and then treated - with 0.49g (2.1mmol) of ZrCl<. The red 
precipitate that formed was filtered and reciystallized from dichloromethane, thus giving 
0.3g of the target compound (yield=25 %). 
POLYMERIZATION TESTS 
Methylalumoxane (MAO) 

A commercial product ( by Scheriug). was used in solution of 10% by weight in toluene. 
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Tris^,4,4-Wmethyl-pentj'I)alumoxane(TIOAO) 

3.45 ml of a TIOA solution (1M in hexane) were' added at room temperature to' 5 ml of 
toluene, previously deoxygenated and distilled over triisobutylalimmmm. 0,031 ml of water 
were then added, at room temperature, with a syringe and the resulting solution was stirred 
for 10 minut es at room temperature. 
THs^,4,44rimethyl-pmtyI)aluinimnn (TIOA) 

A commercial sample (by Witco) was used diluted to a 1M solution in the indicated solvent 

Tris(2-methyl-propyl)aluminnm (TffiA) 

A commercial product available from Witco was used. 

Preparation of the catalyst solution 

The catalyst solution was prepared, in a glass flask treated with N 2 at 90'C for 3 hours, by 
dissolving a known amount of a metaJlocene according to the preseut invention in toluene, 
men transferring an aliquot of this solution into a toluene solution containing the desired 
ammmt of ob ^S * dear solution which was stirred for 5 minutes at room 

temperature and men injected into the autoclave at the polymerization temperature in the 
presence of the monomer. 
ETHYLENE POLYMERIZATION (HDPE) 
Example 38 

The catalyst solution prepared as described above, containing a metellocene catalyst of the 
invention, as reported in Table 1, and'methylalumoxane (MAO) as cocatalyst, was fed into a 
4-Iiters steel autoclave (1-liter autoclave with the zirconocens of Ex.. 32). equipped with 
anchor stirrer and treated with N, at 90'C for 3 hours, containing 1.6.1 of hexane (0.51 with 
Ex. 32) and 1.0 mmoi of TIBAL (2.0mmol with Ex. 32), at about 20«C. The autoclave 
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temperature was raised to 80'C and 10 bar of ethylene were supplied. Polymerization was 
effected fori hour, keeping the temperature and ethylene pressure constant. 
Polymerization was discontinued by instantaneous degassing of the autoclave and, after 
cooling to 20«C, the obtained slurry of polymer was discharged and dried in an oven, in 
nitrogen atmosphere, at the temperature of 80"C. 

lie experimental parameters and quantities, as well as polymerization data are reported in 
Table 1. 

Example 39 

A 200 ml glass autoclave,' provided with magnetic stirrer, temperature indicator and feeding 
line for the ethylene, was purified and toed with ethylene at 35°C. At room : temperature 
were introduced 90 ml of hexane. The catalytic system was prepared separately in 10 ml of 
hexane, by consecutively introducing the cocatalyst (the corresponding aluminum alkyl and 
water, in a ratio ^0=2.1, when necessary) indicated in Table 1-bis, and after 5 minutes 

° f S ^L^.^ Oll0Ceae . S0, r ed .. hl . a ^Jow^ Possible amount of toluene, as reported in 
Table 1-bis. 

After 5 minutes' stirring, the solution was introduced into the autoclave under ethylene flow, 
Ihe reactor was closed, the temperature risen to 80°C and pressurized to 4.6 barg. The total 
pressure was kept constant by feeding ethylene. 

After the polymerization time reported in Table 1-bis, the polymerization was stopped by 
cooling, degassing the reactor and the introduction of 1 ml of methanol. The achieved 
polymer was washed with acidic methanol, than with methanol and dried in oven at 60°C 
und&r vacuum. 

The polymerization conditions and the characterization data of the obtained polymers are 
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indicated in. Table 1-bis. 
Example 40 
Influence of temperature 

In order to evaluate the influence of temperature on the activity of the metaUocene according 
to the present invention, ethylene polymerization was carried out using the metallocene 
prepared in Example 30 with MAO as cocataiyst, following the procedure reported in 
Example 38, but varying the temperature of polymerization. Polymerization data are 
reported in Table 2. 
Example 41. 
Influence of hydrogen 

In order to evaluate the influence of hydrogen on the molecular weight of the obtained 
polymers, ethylene polymerization was carried out using the metallocene prepared in 
Example 30 with MAO as cocataiyst, Mowing the procedure reported in Example 38, with 
the..onJy..dife$n^^ ^ 

reported in Table 3. 

The obtained results confirm that the metailocenes according to the present invention, are 
sensitive to hydrogen as a molecular weight regulator; this fact is unexpected in the light of 
the polymerization results reported in the cited European patent application EP 0 604 908 
where hydrogen, even when used in relevant amounts, has no effect on the molecular weight 
of the obtained polymers. Therefore, with the metailocenes of the invention it is possible to 
regulate the molecular weight of the final polymers, maintaining at the same time Lnirinsk. 
viscosity values of interest. 

The use of hydrogen in polymerization reactions carried out with the catalysts according to 
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the invention, even if in low amounts so thai the yields of the process are not negatively 
affected, makes it possible to regulate the molecular weight of the obtained polymers up to 
Tm values of practical interest 
Example 42 

Influence of the cocatalvst 

In order to' test the activity of the metallocenes according to the present invention with 

different cocatalysts, ethylene polymerization was carried out using the metallocene prepared 

in Example 30 with MAO or TTOAO as cocatalyst, following the polymerization procedure 

described in Example 38. Polymerization data are reported in Table 4. 

The obtained results confirm that the metallocenes according to the present invention are 

very active with various cocatalysts. 

Example 43 

Influence of the Al/Zr ratio 

In order to test the influence of the Al/Zr ratio on the activity of the metallocenes according 
to the present invention, ethylene polymerization was carried out using the metallocene 
prepared in Example 30 with MAO as cocatalyst, following the polymerization procedure 
described in Example 38. Polymerization data are reported in Table 5. 
The obtained results confirm the fact that the metallocenes according to the present 
invention are very active even when used in very low Zr/Al ratios. 
ETHYLENE COPOLYMER1ZATION (LLDPE) 
Example 44 

Ethylene/l-butene copolymerization 

The catalyst solution prepared as described above, containing the metallocene of example 30 
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.or 33, and MAO or TIOAO as cocatalyst, was fed into a 4-liters steel autoclave, equipped 
with anchor stirrer and treated with N 2 at 90 e C for 3 hours, containing 1.6 I of hexane and 
1.0 mmol of TTBAL, at about 20'C. The autoclave ternperarure was raised to the desired 
value and the quantities of ethylene, 1-butene and hydrogen indicated in Table 6 were 
introduced under anhydrous nitrogen atmosphere. In trials conducted with the metallocene of 
Ex. 30 1-butene (g) was introduced into the autoclave at the beginning, while in trials with 
Ex. 33 1-butene (%) was charged together with ethylene. Polymerization was carried out for 
the reaction times reported in Table 6, under continuous stirring, keeping the temperature 
and the pressure of ethylene and hydrogen constant 

Polymerization was discoiirinued by instantaneous degassing of the autoclave and, after 
cooling to 20°C, the obtained slurry of polymer was discharged and dried in an oven in 
nitrogen atntosphere, at the temperature of 80 °C. 

The polymerization conditions and yields are reported in Table 6. Tne data of the obtained 

c^yn^are^ 

Example 45 

Ethylene/l-hexene coporymerization 

A 200 mi glass autoclave, provided with magnetic stirrer, temperature indicator and feeding 
line for the ethylene, was purified and fluxed with ethylene at 35°C. At room temperature 
were inrrcxiuced 90 ml of heptane and the amount of 1-hexene reported in Table 7-bis. 
The catalytic system was prepared separately in 10 ml of heptane by consecutively 
mtroducing MAO and the metallocene indicated in Table 7-biff solved in the lowest possible 
amount of toluene (the low amount as possible). 

After 5 ininutes stirring, the solution, was introduced into the autoclave under ethylene flow, 



60 



.WO 99^4446 



PCT/EP9807O34 



the reactor was closed, the temperature risen to 70°C and pressurized to 4.6 barg. The total 
pressure was kept constant by feeding ethylene. 
• After the reaction time reported in Table 7-bis, the polymerization was stopped by cooling, 
degassing the reactor and the introduction of 1 ml of methanol. The achieved polymer was 
washed with acidic methanol, than with methanol and dried in oven at 60°G under vacuum. 
The polymerization conditions and yields are reported in Table 7-bis. The data of the 
obtained copolymers are reported in Table 7-ter. 
ETHYLENE/PROPYLENE copolymerization 
Example 46 

the copolymerization was carried out by continuously supplying the monomer mixture at a 
constant flow rate in a 250 ml glass reactor equipped with a stirring and a thermometer. The 
cocatalyst was prepared by dissolving 3.45 ml of TTOA (1M in hexane) in 5 ml of toluene, 
then adding 0.031 ml of water and then stirring the solution for 10 ininiites. The cocatalyst 
WRS tbeu...aa^ed.tp. .a .mtrogen^urged r^ 

put into a thermostated bath and, when the reaction temperature of 50°C was reached, a 
mixture of ethylene and propylene, corrfaining 60%w of ethylene, was supplied 
continuously, at a total pressure of 80 mmHg. and a flow rate of 50 1/h. ' 
3.45 umol of a metallocene according to the present invention, as reported in Table 8, 
dissolved in 5 ml of toluene, were added to start polymerization, having therefore a ratio 
Al/Zr of 1000 and a ratio Al^O of 2. After 15 minutes the polymerization was stopped by 
adding 1 ml of methanol and the copolymer was coagulated in acidulated methanol, then 
filtered- and driedunder vacuum. Yields and characteristics of the obtained -copolymers are 
reported in Table 8. 
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The obtained results demonstrate a good activity of the metaliocenes of the invention in 
ethylene/propylene copolymerization. 
PROPYLENE POLYMERIZATION 
Example 47 

200 g of propylene were charged in a 1 1 jacketed stainless-steel, autoclave, equipped with 
magnetically, driven stirrer and a 35 ml stainless steel vial, connected to a thermostat for 
temperature control, previously purified by washing with a TEA solution in hexane and 
dried at 50"C in a stream of propylene, then cooled to room temperature. 
The autoclave was then tbermostated at the polymerization temperature indicated in Table 9. 
The catalyst mixture was prepared by adding the amount of zirconocene dichloride indicated 
in Table 9 to a MAO solution in toluene, obtaining a solution, which was stirred for 10 
ntinutes at room temperature and then injected into the- autoclave by means of nitrogen 
pressure through the stainless-steel vial, at the polymerization temperature. 
™ s ..P ol e^ on _.^ and then it was 

quenched with carbon monoxide. After venting the unreacted monomer and cooling the 
reactor to room temperature, the polymer was dried under reduced pressure, at 60 °C. 
The polymerization data are reported in Taole 9, while the characterization data of the 
obtained polymers are reported in Table 10. 

The obtained results demonstrate that, by suitably changing molecular symmetry, the 
metaliocenes according to the present invention may give propylene polymers having high 
isotacticity (mmmm pentad content higher than 90%) or may give syndiotactic polypropylene 
Out pentad, content). 
Example 48 
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Influence of Al/Zr ratio 

In order to test the influence of the Al/Zr ratio on the activity of the metaHocenes according 
to the present invention, propylene polymerization was carried out using the metallocene 
prepared in Example 30 with MAO as cocatalyst, at the temperature of 60°C, for a period .of 
1 hour, following the polymerization procedure described in Example 47, with the difference 
that Al/Bu, (I mmol) was charged in the reactor before charging the catalyst mixture. 
Polymerization data are reported in table 11. 

The- obtained results confirm the fact that the metallocenes according to the present 

invention are very active even when used in very low Zr/Al ratios. 

Example 49 

Influence of temperature 

In order to evaluate the influence of temperature on the activity of the metallocene according 
to the present invention, propylene polymerization was carried out using the metallocene 
prepared in . ^^P^ ^0 ^th MAO as cocatalyst, following the polymerization procedure 
described in Example 47, but varying, the temperature of polymerization. AlzBu 3 (1 mmol) 
was charged in the reactor before charging the catalyst mixture. Polymerization data are 
. reported in Table 12, 
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Table 1 





Metallocene 


Al/2r 






(mol) 


Ex.25 


0.002 


1900 


Ex.26 


0.002 


2200 


Ex.27 


0.002 . 


2500 


Ex.28 


0.002 


2200 


Ex. 29 


0.002. 


1600 


Ex.29 


0.002 


3100 


Ex. 30 


0.0003 


8700 


Ex. 32 


0.0003 


200 


Ex, 33 


0.0005 


9900 



Yield 


Activity met 


Aetivifv 7r 


n • 


40 






(dl/c) 


200 


100 


530 


1.38 


126 


63 • 


375 


4.27 


118 


59 


402 ' 


2.88 _ 


85 


42 


265 


2.15 " 


190 


95 


810 


4.75 


180 


90 


770 


6.1 


180 


600 


4310 


2.98 


25.9 


86.3 


578 


4.2 

4.79 1 


170 1 


340 


2892 



Table 1-bis 



Ex. 


Metalloc 


. Cocatalyst 
type 


Cocalaiys 
(mmol) 


t Ai/Zr 
(mol) 


Time 
(mini 


Yield 
(?) 


Activity 


n 


Ex. 29 
Ex. 29 
Ex. 32 
Ex.32 
Ex. 32 


0.30 
0.15 
0.13 
0.09 
0.10 


nOAJH 2 0 
MAO 
MAO 
MAO 
TTOAO/MAO 
9:1 

TIOAO/MAO 
9:1 

MAO 

MAO 
TIOA/MAO 
9:1 

T3BA/MAO 
9:1 


0.4 
0.2 
0.22 
0.15 
0.17 


1000 
1000 
1000 
' 1000 
1000 


3 
6 
2 
10 
2 


0.2 
0.43 

0.8 
2.39 
1.68 


113.9 
244.9 
1236.2 
1066.9 
3374.9 


16.1 
>13 
n.d. 
5.75 
n.d. 


Ex. 32 


0.05 


0.09 


1100 


4 


1.47 


2953.0 


n.d. 


Ex. 33- 
Ex. 32* 
Ex. 32* 


- 0:20 
0.10 
0.05 


6:26~ 

0.179 
0.087 


-1606- 
1100 
1100 


■ ■ 2 

15 
15 


-hi* 
1.94 
3.15 


...•1482:1— 
519.6 
1687 


11.29-- 
n.d. 
n.d. 


Ex. 32* 


0.05 


0.085 j 


1100 J 


15 


4.3 


2030 


n.d. 



♦The procedure described in Example 39 was followed, with the differences that a 300 ml autoclave with a 
mechanical stirrer was used, with 150 mlheptaiieasso^ ataPtotof4barg. ' 
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. Table2 





Metallocene 
(*) 


Al/Zr 
(mol) 


T 

(°C) 


' Activity met 
Wfc-JO 


1 Activity Zr 


*n 

(dl/R) 




0.0003 
. 0.0003 
0.0003 


8700 
8700 
, 8700 


60 
70 
80 


740 

670 , 
600 1 


5318 
4815 
4312 


6.2 
4.67 
2.98 .1 








Table 3 




Meraiiocene 
fe) 


Al/Zr 
(mol) 


Hydrogen 
(ml) 


Activity met 


ActivityZr 
(&/&Jrt 


n 

(dl/s) 


0.0003 
0.0003 
0.0003 
0.0003 


8700 
8700 
8700 
8700 


0 

200 
300 
450- . 


600 
400 
276 
240 


4312 
2875' 
1984 
1725 


2.98 
" 2.47 
2.15 
2.12 



Table 4 



Metallocene 
to 


Cocatalyst 


Al/Zr 
(mol) 


Activity met 


Activity Zr 


"H 
HW> 


0.0003 
0.0003 
0.0003 


MAO 
MAO 
TTOAO 


8700 
17400 
18300 


600 
533 
. 630 


4312 j 

3830 

4530 


2.98 
2.54 
4.8 






table 5 ' ; — - 




Metallocene 

te) 


Al/Zr 
(mol). 


Yield 
- ft>. J 


Activity met 


ActivityZr 


H 


0.0003 
0.0009 
0.001 
0.001 


8700 
125 
50 
15 


180 
190 
190 
150 


600 
210 
190 
150 


4312 
1511 
1368 
1080 


2.98 
3.97 
3.76 
5.05 



65 



. WO 99/24446 



PCT/EP98/07034 



Table 6 



Ex. 


Metallocen 

'e 


Cocat 


Al/Zr 
(mol) 


Ian 
e 

w 


. T 
e C 


Ethylene 
(bar) 


butene 


Activity 


Activity 
Kg/ gzr h 


Ex.30 
Ex30 
Ex.30 
Ex.33 
Ex.33 


0.0005 
0.0002 
0.0005- 
0.0005 
0.0005 1 


TIOAO 
MAO 
MAO 
MAO 
MAO 


8700 
8700 
8700 
9900 
9900 


il 


80 
70 
70 
70 
70 


10 
10 
10 
10 
10.1 


60g 
60g 
15g 
6% 
8% | 


220 
590 
220 
280 
250 1 


1582 
4238 „ 
1582 
2391 
2135 



Table 7 



Example 


Tm 
(°C) 


density 
. : fe/ml) 


1-butene 

(%w) 


Xylene insoluble 


1 | 


Ex. 30 
Ex.30 
Ex. 30 - 
Ex. 33' 
!■ Ex. 33 


120.4 
106 
n.d. 
n.d. 
n.d. 


0.919 
0.904 
n.d. 
n*d. 

n.d. | 


7 

n.d. 
n.d. 
n.d. 
n.d. 


99.8 
92.9 
98.9 
99.8 
99.9 


(dl/fi) 
2.75 
L96 
3 

1.62 
1.82 



Table 7-bis 



Ex. 


Metallocene 
(rag) 


Cocat 
(mmol) 


Al/Zr 
(mol) 


1-hexene 
(ml) 


Time 


Yield 
- W ' 


Activity 


Ex.30 
Ex.32 
Ex.32 


0.15 
0.13 
0.08 


0.247 
0.23 
0.139 


1100 
1100 1 
1100 


2 
10 
2 


'W ■ 
10 
10 


3;ar""i 

4.03. 
2.24 


*94ro 

1245.5 
1125.0 



Table 7-ter 



Example 


1-nexene 


Tm 


n 


H 






CO 


_ (dl/s) 


Ex. 30 
Ex.32 • 


21.6 
27.9 


78.5 
68.6 


2.43 
1.16 


54.7 
47 
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Table 8 



Example 


' Yield 


Activity 


Ethylene 










(»w) 




Ex. 25 . 


2.9 


9.4 • 


71.5 


. 0.43 


Ex. 26 


0.62 


• 2.0 


• 83.7 • 


0.86 


Ex.27 


0.37 


1.2 


= 80 


a.d. 


Ex. 28 


3.45 


10.9 


69.5 


0.41 


Ex. 30 


0.8 


2.5 


83.9 


0.29 


Ex. 32 


5.4 


16.0 


n.d. 


TL&. 


Ex. 34 


2.54 


8.1 


77.8 


0.34 


Ex. 37 


2.94 


9.4 


77.2 


n.d. 



n 

0.82 
s2 
3.14 
0.96 
■1.13 
n.d. 
1.30 
1.21 



Table 9 



Ex. 


MetaJlocene 


Ai/Zr 


T 




w 


mol 


°C 


Ex.25 


0.001 


5000 


50 


Ex.25 


0.002 


3000 


70 


Ex.26 


0.002 


3000 


70 


Ex.27 


0.002 


3000 


50 


Ex.28 


• 0.002 


3000 


70 


Ex.30* 


0.002 


2800 


60 


Ex.32 


0.003- 


3000 


60 


Ex.37 


0.002 


3000 


50 



*AliBu, (imnol) was charged in the reactor before charging the catalyst mixture. 

Table 10 



Yield 


Activity 


. Activity 




8 






dLfe 


7 


7.0 


6.4 


n.d. 


8 . 


4.0 


3.7 


n.d. 


30.6 


15.3 - 


15.0 


0.4 


37 • 


18.5 


18.2 


0.47 


19 


9.5 


9.2 


0.48 


164 


82.0 


81.8 


0.23 


15 


5.0 


33.5 


0.23 


7.6 


3.8 | 


24.5 


iLd. 



Example 


Tm 
(°C) 


AH 

tw> 


nUGDHD 
(%) 


rrrr 
(%) 


Ex.26 


142.4 


101 


90.7 


0 


Ex.27 


• 146.1 


112 


92.3 


0 


Ex.28 


n.d. 


n.d. 


0 


52.6 
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Table 11 



Metallocene 

(z) 


Al/Zr 
(mol)- 


Yield 
« 


Activity 


r\ 
(dl/s) 


0.003 


300 


130 


43.3 


0.27 


0.002 . 


500 


10$ 


53.0 


n.d. 


0.002 


1000 


140 


70.0 


0.25 


• 0.002 


2800 1 


164 


82.0 


0.23 



Table 12 



Metallocene 

w 


Al/Zr 
(mol) 


T 
(°C) 


Yield 

fe)* 


Activity 
<K*/ff,..hV 


(dl/g) 


0.002 
0.002 
0.002 


1000 
1000 
1000 


30 
40 
50 


5 

160 
180 


2.5 
80.0 
90.0 


0.56 . 
0.4 
0.17 
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CLAIMS 

1 . A metallocene of formula (Q: 

(ZRU(Cp)(A) t ML^L\ CD 
■■ wherein (ZR 1 ^ is a divalent group* bridging Cp and A, Z being C, Si, Ge, N or P, 
and the R. 1 groups, equal or different from each other, being H or linear or branched, 
saturated or unsaturated CyC» alkyl, C,-^ cycloalkyl, aryl, C 7 ^ 0 alkylaryl 
or CV-Ca arylalkyl groups; 

Cp is a heterocyclic cyciopentadienyl group of formula (II) or (IT); 

R2 

_ • X — , 

R4 fl . 



R 




wherein one of X or Y is a single bond, the other being O, S, NR« or PR 6 , R 6 being ' 
hydrogen, a linear or branched, saturated or unsaturated C,-Ca alkyl, Cj-Cjo 
cycloalkyl, Q-C* aryl, Q-Q, alkylaryl or C-C* arylalkyl groups, optionally con- 
taining one or more atoms belonging to groups 13-16 of the Periodic Table of the 
Elements; 

R J and R 3 , equal or different from each other, are selected from the group consisting 

of hydrogen, halogen, linear or branched, saturated or unsaturated C,-^ alkyl, C y 
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'°* Vdoitoyl, CfCn aiyl, C-Q, aikylaryl, C-C* aiylaflcyi, or«, ^ C0R « . 
NRV.and -PR* J( wherein R« hat the meaning reported above; or R s and R 3 form 
together a condensed Q-C, ring, saturated, unsaturated or aromatic, optionally 
containing one or more atoms belonging to groups 13-16 of the Periodic Table of the 
Elements; 

the substituents R*. equal or different from each other, are selected from the group 
consisting of halogen, linear or branched, saturated or unsaturated C.-Ca aflcyl, C,- 
C* cycloalkyl, Q-C,, aryl, C,-C„ aikylaryl, C,^ aryialkyl. -OR 4 , -OCOR 4 , -SR 4 , - 
NR 4 S and -PR 4 ,, wherein R 4 has the meaning reported above, optionally containing 
one or more atoms belonging to groups 13-16 of the Periodic Table of the Elements; 
a is an integer ranging from 0 to 4; 

or Cp is a partially hydrogenated derivative of the heterocyclic group of forrmna <E) 
or (IT); • 

. A . iS .!.. SUbSti0l ! ed _. 0 ! unsubstituted cyclopentadienyl. a group -NR 4 , R 4 having the 
meaning reported above, or corresponds to (E) or (E'), or to a partially hydrogenated 
derivative of (E) or (E'); 

M is a transition metal belonging to group 3^ 4, 5. 6 or to the lanthanide or actinide 
groups of the Periodic Table of the Elements; 

the substituents L, same or different from each other, are monoanionic sigma Iigands' 
selected from the group consisting of hydrogen, halogen, -R 4 , -OR*, -OCOR 6 , - 
OSOjCF,, -SR 4 , -NR 4 2 and -PR 4 2 , wherein the groups R 4 . same or different from 
each other, have the meaning reported above; the substituents L\ same or different 
from each other, are coordinating molecules; 
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m is 1 or 2, being 1 when Z is N or P, and being 2 when Z is C, Si or Ge; 

n is an integer ranging from 0 to 4; r is 0 or 1; ; n is 0 when r is 0; 

p and q are integers ranging from 0 to 3 , p being equal to the valence of the metal M 
minus 2 when r«l, and minus 1 when r=Q, and p+q being S3. 
The metallocene according to claim 1. characterized by the; fact that (ZR'J, is 
selected from me group consisting of CR' 2 , SiR 1 ,, GeR'j, NR', PR' and^CR'^, R' 
having the meaning reported in claim 1 . 

The metallocene according to claim 2, characterized by the fact that (ZR'J, is 
SKCH^, SiPhj, CHj, (CH,) : or dCK^ 

The metallocene according to claim 1., characterized by tbe feet that Cp corresponds 
to formula (JE); 



(nr> 




wherein the substtaents R>, equal or different from each other, are selected from me 
group consisting of linear or branched, saturated or unsaturated C.-C* alkyl. C^-C,, 
cycloalkyl. C.-Q, aryl. C-C* aliylaryl. Q-Q, a^lalkyl, -OR'. -OCOR', -SR\ - 
NR«, and -PR« lt wherein R« has ; the meaning reported above; b is an integer ranging 
from 0 to 4; X, Y, R" and a have the meaning reported in claim 1. 
The metallocene according to claim 4, characterized by the feet that Cp is selected 
from the group consisting of 5.1(Wihydroindeno[l,2-b]indol-10-yl. N-methy 1-5, 10- 
dihydroindeuo [1.2-b]indol-10-yl. N-phenyl-5.10-dJhydroindenotl.2-b]indol-10-yl. 
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S.Wihydromdenop.l-bJbdol-S-yl, N-methyl-S.^ydroindenop.l-Windo^yl, N- 
allyl-S.e^ydroindeno f2 f l-b]mdoJ^yl and. N-phenyl-S.^ydroindeno [2,1- 
b]indol-6-yl. 

6. The metaUocene according to claim 1 or 4. characterized by the fact that A 
corresponds to formula (EI), as defined in claim 4. 

The metaUocene according to claim 6, characterized in being mefcylen-bisfN-rnethyl- 
5 > 6^ydromdeK)[2 > l^]indoI-6-yl)zircomnm dichloride or dimethyl. 
The metaUocene according to claim 1, characterized by the fact that A is selected 
from the group consisting- of cyclopentadienyl, 4-t-butyl^yclopentadienyl, 4- 
adamantyl-cyclqpemadienyl, indenyl and tetrahydroindenyl. 
The metaUocene according to claim 1, characterized by the feet that M is Ti, Zr or 



7. 



8. 



9. 

Hf. 



10. The metaUocene according to claim 1. characterized by the fact that L is halogen or 
R*. 

11. A bridged ligand of formula (IV): 

; (ZR»J 0 (Cp)(A) (IV) 
wherein (ZR' J, is a divalent group bridging Cp and A, Z being C. Si, Ge, N or P, 
and the R> groups, equal or different from each other, being H or linear or branched, 
saturated or unsaturated C,-^ alkyl, Q-C* cycloalkyl, Q-C* aryl. C,<^ allcylaryl 
or arylalkyl groups; 

Cp is a heterocyclic cyclopentadienyl group of formula (II) or QT): 
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00 




(IT) 



wherein one of X or Y is a single bond, the other being O, S, NR S and PR 4 , R'being 
hydrogen, a linear or branched, saturated or unsaturated 0,-Cj, alkyl, C-CV 
cyctoalkyl, aryl, alkyiaryl or C,-^ arylalkyl groups, optionally con- 
i^'WbFmcrea^^ 
Elements; • 

R 2 and R J , equal or different from each other, are selected from the group consisting 
of hydrogen, halogen, linear or branched, saturated or unsaturated alkyl. C,- 
Ca cycioalkyl, aryl, C,-^ alkylaryl. arylalkyi, -OR', -0C0R 6 , -SR\ 
-m.\ and -PR« J( wherein R« has the meaning reported above; or R 1 and R J can form 
together a condensed C.-C, ring, saturated, unsaturated or aromatic, optionally con- ' 
. taking one or more atoms belonging to groups 13-16 of the Periodic Table . of the 
Elements; 
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the substituents R\ equal or different from each other, are selected from the group 
consisting of halogen, linear or branched, saturated or unsaturated CpC^ alkyl, Cj- 
Ca cycloalkyl, CrQo aiyi, Cj-C* alkyiaiyl, CVC^ arylalkyl, -OR 6 , -OCOR 6 , -SR 6 , 
-NR\ and -PR 6 it wherein R 6 has the meaning reported above, optionally containing 
one or more atoms belonging to groups 13-16 of the Periodic Table of the Elements;' 
a is an integer ranging from 0 to 4; 

Cp can be a partially hydrogenated derivative of the heterocyclic group of formula 
(II) or (IT); . 

A is a substituted or unsubstituted cyclopentadienyl, a group -NR 6 , R 6 having the 
meaning reported above, or corresponds to (II) or (IT), or to a partially hydrogenated 
derivative of (II) or (IT); 

m is 1 or 2, being 1 when Z is N or P, and being 2 when Z is C, Si or Ge; n is an 
integer ranging from 1 to 4. 

12. The bridged ligand according to claim 11, characterized by the fact that (ZR J J 0 is 
selected from the group consisting of Si(CT;£^ 

13. The bridged ligand according to claim 11, characterized by the fact that Cp 
corresponds to formula (H[): 




wherein the substituents R s , equal or different from each other, are selected, from the 

group consisting of halogen, linear or branched, saturated or unsaturated Cj-C^q alky], 
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Cj-Cjo cycloalkyl, CrOn aryl, Cj-C* aikylaryl, Q-C^ arylalkyl, -OR 6 , -OCOR 6 , 
-SR 6 , -NR 6 2 and -PR e 2> wherein R 6 has the meaning reported in claim 11; b is an 
integer ranging from 0 to 4; X, Y, R 4 and a have the meanings reported in claim 11. 

14. The bridged ligand according to claim 13, characterized by the tact that Cp is selected 
from the group consisting of N-methyl-5 ,10-dihydrpindeno[l,2-b]indoiyl t N-phenyl- 
540Kimyajomdeno[l,2-b]indolyl, N-anyl^.lO^imydromdenofl^-blindoIe, N- 
memyl-5 t 6^mydroindeno[2,l-b]indole, N-phenyI-5,6^mydroindeno[2 t l-b]indole and 
N-aUyl-5 ( 6-dihydroindeno [2,l-b]indoie. 

15. The bridged ligand according to claim 11, characterized by the fact that A 
corresponds to formula (EE), as defined in claim 13. 

16. The bridged ligand according to claim 15, characterized in being 6-[(N-methyl-5,6- 
o^ydroindeno[2,l-b]M^^ 

17. A catalyst for the polymerization of olefins comprising the reaction product between: 

- a metallocene as described in anyone of claims 1-10, optionally as a reaction 
product with an organo-aluminum compound of formula A1R 7 3 or AI 2 R 7 6 , in which 
the substituents R 7 , same or different from each other, are selected from the group 
consisting of halogen, linear or branched, saturated or unsaturated Cj-Qq alkyl, 
Cs-Cjo cycloalkyl, Q-C^ aryl, C,-^ alkylaryl, C,^ 0 arylalkyl, -OR 6 , -OCOR 6 , 
-SR 6 , -NR 6 2 and -PR 6 2 , wherein R 6 has the meaning reported in claim 1; 
- an alumoxane, optionally in admixture with an organo-aluminum compound of 
formula A1R 7 3 or Ayt 7 , the substituents ft 7 having the mt^nings reported 
above, or one or- more compounds capable of forming an alkyl metallocene 
cation. 

• 75 



WO 99/24446 PCT/EP98/07034 

18. Hie catalyst according to claim 17, characterized by the fact that said aiumoxane is 
obtained by reacting water with an oisano-ajuromum compound of formula AIR 7 , or 
A1 2 R 7 6 , where at least one R 7 is not halogen. 

19. The catalyst according to claims 17 and 18, characterized by the fact that said 
alumoxane is MAO, TBAO and/or T10AO, and that said organo-alumiiium 
compound is TCOA, TMA and/or TTBA. 

20. A process for the polymerization of olefins comprising the polymerization reaction of 
at least an olefinic monomer in the presence of a catalyst as claimed in any of claims 
17 to 19. 

21 . The process according to claim 20, for the polymerization of propylene. 

22. The process according to claim 20, for the preparation of polyethylene or LLDPE 
copolymers. 

23. The process according to claim 22, characterized by the feet that said catalyst 
comprises the metallocene inethyleD-bis(N-methyl-5,W^ indol-6- 
yl) zirconium dichloride or dimethyl. 

24. The process according to claim 20, for the preparation of elastomeric copolymers of 
ethylene with one or more a-olefms of formula CH 2 =CHR, wherein R is an alkyl 
radical having from 1 to 10 carbon atoms, optionally containing small proportions of 
units deriving from polyene. 

25. The process according to claim 20, for the preparation of cycloolefin polymers, 
optionally containing units deriving from linear olefins. 
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